
10 


AUGUST, 1935 


No. 




WALTER W. HAMBURGER 
JAMES B. HERRICK 
WILLIAM J. KERR 
SIR THOMAS LEWIS 
E. LIBMAN 
H. M. MARVIN 


G. CANBY ROBINSON 
FRED M. SMITH 
PAUL D. WmTE 
CARL J. WIGGERS 
FRANK N. WILSON 
CHARLES C. WOLFERTH 


Published Bi-Monthlt 
Undeb the Editorial Direction or 
THE AMERICAN HEART ASSOCIATION 


LEWIS A. CONNER _____ Editor 
Associate Editors 
HUGH McCULLOCH 
EVELYN HOLT 


Published by.) The G. V. Mosby Company, 3523-25 Pine Blvd., St. Louis, U. S, A. 

Entered at the Post Office at SL Loiits, Mo., as Second Class Matter. 
Copyright 1933 by Tiie C. V. Mosby Company 




Original Communications 

Clinical Observations Upon Syncope and Snddcn Ucatli in Kclation' to Aortic 
Stenosis. H. M. Marvin, M.D., New Haven, Conn., and Arthur G. Sul- 
livan, M.D., Hot Spring's, Ark. 705 

Further Experiences IVith Total Thyroidectomy in the Treatment of Intractable 
Heart Disease. Samuel A. Ecvinc, M.D., and Eugene C. Eppingcr, M.D., 
Boston, Mass. , 780 

Coronary Arteriosclerosis, Coronary Thrombosis, and the Kcsultlng Myocardial 


Changes. Otto Saphir, M.D., Walter S. .Priest, M.D., AValtcr W.- Ham- 
burger, M.D., and Eouis N, Katz, M.D., Chicago, ' 111. = 702 

The Heart in Typhoid Fever. William B. Porter, M.D., and X. Bloom, M.D., 
Bichmond, Ya. r — — 


On the Use of Chest Beads in Clinical Electrocardiography. Irving K. Both, 

M.D., Xcw York, N. Y. <08 

Editorial 

Ketrospect and Prospect 800 

Society Transactions 

Xcw York Committee on Cardiac Clinics, lOSo 

Department of Reviews and Abstracts 

Selectotl Abstracts - 83 n 



Vol. 10 


OCTOBER, 1935 


No. 


AMERICAN HEART 




ADVISOEY EDITOEIAL BOAED 


EDGAE V. ALLEN 
E. P. CAETEE 
HENEY A CHEISTIAN 
ALPEED E. COHN 
ELLIOTT 0. CUTLEE 
WALTEE TV. HAMBUEGEE 
JAMES B. HEEEICK 
WILLIAM J. KEEK 
SIE THOMAS LEWIS 
E, LIBMAN 

CHAELES 


• H. M. JLARVIN 

JONATHAN MEAKINS 
JOHN H. MHSSEE 
JOHN ALLEN OILLE 
STEWAET B. EOBEETS 
G. CANBY EOBINSON 
FEED M. SMITH 
PAUL D. WHITE 
GAEL J. WIGGEES 
PEANK N. WILSON 
I. WOLPEETH 


A JOUENAL FOE THE STUDY OF THE CIECULATION 
Ppblished Bi-Monthly 
Undee the Editokial Direction or 
THE AMERICAN HEAET ASSOCIATION 


LEWIS A. CONNER _____ -Editor 
Associate Editors ‘ , 

HUGH McCulloch 
EVELYN HOLT 
lEVING S. WEIGHT 

Published by The C. V. Mosby Company, 3023-25' Pine Blvd., St. Louis, U. S. A. 

Entered at the Post Office at SL Louis, Mo.. ,as Second Class Matter. 
Copyrieht 1935 by The C. V. Moshy Company 



The American Heart Journal 


CONTENTS FOR OCTOBER, 1935 


Original Communications 


The Production of a Collateral Circulation to tlio Heart. I. An Experimental 

Study. Claude S. Beck, and V. E. Ticliy, M.D., Cleveland, Ohio 849 

The Production of a Collateral Circulation to the Heart.- II. PatholoBicnl 
Anatomical Study. Alan R. Moritz, M.T)., and Claude S. Beck, M.D., 
Cleveland, Oluo 8?4 

The Prccordial Xcad of tlie Electroeardiosrram (Bead IV) ns an Aid in the 
RecoBnition of Active Carditis in Rheumatic Eever. Robert E. Eevy, 
M.D., and Howard G. Bruenn, M.l>., New York, N. Y. 881 

The Form of the Elcctrocardiosram In Experimental Myocardial Infarction. 

II. The Early Effects Produced by Eigntion of the Anterior, Descondinsr 
Branch of the Eeft Coronary Artery. Franklin I). Johnston, M.I>., Ian 

G. IV. Hill, M.B., and Frank N. IVilson, M.B., Ann Arbor, Mich. 889 

The Form of tlio EIcctrocardioBram in Experimental Myocardial Infarction, 

III. The Eater Effects Produced by Eipration of the Anterior llesccndinB 


Branch of the Eeft Coronary Artery. Frank N. IVilson, M.T)., Inn G, IV. 

Hill, M.B., and Franklin 1). Johnston, M.D., Ann Arbor, Mich. 903 

The Cerebral Blood Flow in Man as Infiticnced by Adrenalin, Cnffein, Amyl 
Nitrite, and Histamine. F. A. Gibbs, M.T)., E. E. Gibbs, and IV. G. 
Eenno.x, M.I),, Boston, Mass. 916 

\/ The Prccordial Elcctrocardiosram. I. The Potential Variations of the Pre- 
cordium and of the Extremities in Normal Subjects, Charles E. Koss- 
mann, M.D., New York, N. Y., and Franklin D. Johnston, M.D., Ann 
Arbor, Mich. 92." 

ElectrocardioBrapbic Abnormalities Characteristic of Certain Cases of Arterial 
Hypertension. H, E. Rykert, M.B., and J. Hepburn, M.B., Toronto, 
Canada 942 


Mortality Rates of Organic Diseases of the Heart by Geog-raphical Areas in 

the United States. C. C. Daucr, M.D., New Orleans, Ea. 955 

A Modification of the IViggers-Dcan Method of Recordins Heart Sounds UsinK 
Audio Amplification. Herbert A. Sacks, M.D., Harold Marquis, E.E., 
and Basil Blumcnthal, M.D., Chicago, 111. 965 


Department of Clinical Reports 


An E.xtraordinnry DcBrco of Partial Heart-Block. James M. Faulkner, M.D., 

Boston, Mass. 969 

Patent Ductus Arteriosus Complicated by Endocarditis and HemorrhaBic 
Nephritis. Don Carlos Hines, M.D., and David Alvra IVood, M.D., 

San Francisco, Calif. 9"4 


Department of Reviews and Abstracts 


981 


Selected Abstracts 
Book Reviews 


991 


INDEX NUMBER 


Vol. 10 


DECEMBER, 1935 


No. 


AMERICAN 



HEART 




©Am. Ht Assn. 


A JOUENAL FOE THE STUDY OF THE CIECUIiATION 
Published Bi-Monthly 
Under the Editokial Direction of 
THE AMEEICAN HEAET ASSOCIATIOlSr 


EDGAE V. ALLEN 
E. P. OAETEB 
HENET A. CHEISTIAN 
ALPEED E. COHN 
ELLIOTT C. CUTLEE 
WALTEE W. HAMBUEGER 
JAMES B. HERRICK 
WILLIAM J. KERR 
SIE THOMAS LEWIS 
E. LIBMAN 

CHARLES 


EDITORIAL BOARD 

H. M. MARVIN 
JONATHAN MEAKINS 
JOHN H. MUSSER 
JOHN ALLEN OELLE 
STBWAET E. ROBERTS 
G. CANBY ROBINSON 
FEED M. SMITH 
PAUL D. WHITE 
CARL J. WIGGEES 
FRANK N. WILSON 
I. WOLFERTH 


LEWIS A. CONNER _ 

Associate Editors 
HUGH McCULLOCH 
EVELYN HOLT 
IRVING S. WRIGHT 


Editor 

f 


Published by The C. V. Mosby Company, 3523-25 Pine Blvd.', St. Louis, U. S. A, 

Entered at the Post Office at St. Louis, Mo., as Second Class Matter 
Copyright 1835 by The C. V. Mosby Company 



i 

The American Heart Journal 


CONTENTS FOR DECEMBER, 1935 


Original Communications 


The Development of Mitrnl Stenosis in Touhk’ People. Pilwnrd P. Bland, 

5I.D., Paul D. AVhitc, M.D., and T. Duckett Jones, JI.D., Boston, Mass. 005 

The Influence of the Heat BeBulntory Meeltanism on Bnynnnd’s Disease. 

Herman E. Pearsc, Jr., M.D., Kocliestcr, N. T. ' 1005 

The EITcct of Ouabain Upon the Electrocardiograms of Specific Muscle Ecslons. 

Jane Sands Robb, M.D., M, S. Dooley, M.D., J. G. Pred Hiss, M.D., 
and B. C. Robb, M.D,, Syracuse, N. X. 1012 

The Results of Treatment in Cardiovascular Syphilis. Paul Padgot, M.D., 

and. Joseph Earle Moore, jSI.D., Baltimore, Md. 1017 

The Porm of the Electrocardiogram in Experimental Myocardial Infarction. 

IV. Additional Observations on the Enter Effects Produced by Eigatlon 
of the Anterior Descending Branch of the Eeft Coronary Artery. Prank 
JT. IVilson, M.D., Prnnldin D. Jolinston, M.D., and Ian G. W. Hill, 

M.B., Ann Arbor, Mich 1025 

The Relation of the Position of the Heart to the Initial Ventricular Deflec- 
tions in Experimental Bundle-Branch Block. Paul C. Poster, Ph.D., 

Kew Orleans, Ea. 1012 

The Anatomical and Hydrostatic Basis of Orthopnea and of Right Hydro- 

thorax in Cardiac Paiiuro. IVm. Dock, M.D., San Pranclsco, Calif. — . 1017 

PoUow-Dp Study of Sixty-Pour Patients With a Right Bundle-Branch Con- 
duction Defect. Prancls Clark Wood, M.D., William A. Jeffers, M.D., 
and Charles C. Wolferth, M.D,, Philadelphia, Pa. 1050 

The Rclatlonsliip of Heart-Block, Aurlculovcntrlcnlar and Intraventricular, 
to Clinical Manifestations of Coronary Disease,. Angina Pectoris, and 
Coronary Thrombosis. Jorge Snlccdo-Salgar, M.D., Bogota, Colombia, 

S. A., and Paul D, White, M.D., Boston, Mass. — lOOt 

'The XTse of Ether in Mensiiring the Circulation Time From the Aniccnbital, 
Veins to the Pulmonarv Capillaries. IVilliam M. Hitzlg, M.D., New 
York, N, Y, 1080 


Department of Clinical Reports 

A Case of Pulsating Spleen in Mitrnl and Tricuspid Disease. Don C. Sutton, 
M.D,, and Vance Rawson. M.D., Chicago, III. 


Society Transactions 

Society Transactions: American Heart Association, 1935 

Department of Reviews and Abstracts 


Selected Abstracts 

Book Reviews 

Index 


1120 

1127 

1131 




706 


THE AJIERICAN HEART JOURNAL 


notably sudden and unexpected, though no explanation was found for this 
postmortem. In one case tlie patient died in the hospital corridor. As a 
rule the death was preceded b 5 ^ the usual symptoms of passive congestion 
and stasis.” 

The occurrence, in the practice of one of us, of sudden unexpected 
death in two cases of aortic stenosis within one week led us to a systematic 
search of the medical literature of the past century in an effort to learn 
something of the apparent frequency of this association. We have found 
a number of casual comments upon the possibility of sudden death, or 
unsupported statements to the effect that death may occur suddenly, but 
apparently there has been no survey of this particular aspect of cardio- 
vascular disease. A small number of ease reports have been found, but 
the details are usually insufficient to Avarrant any conclusions. More than 
two centuries ago, Boneti^ stated that Rayger had reported in 1672 the 
ease of a patient who liad died suddenly, and autopsy disclosed calcifica- 
tion of the three aoj’tic cusps, wliich Avcrc “so hard that only Avith diffi- 
culty could a portion be cut off Avith a Icnife.” In 1846, Lloyd* x’cported 
sudden death in a man of fifty -tAvo years; autopsy revealed immense 
hypertrophy of the heart and extreme narroAving of the aortic orifice, 
so that a. probe could scarcely ])o passed through it. Gautier® in 1860 
reported that death oeciu’red Avith extreme suddenness in a boy of 
tAventy years Avhose heart post moi'tem shoAA’ed aortic stenosis and normal 
mitral valves. In 1868, Peacock'* reported in greater detail the ease of a 
patient tAventy-threc years of age aa'Iio had suffered from slight palpitation 
and dyspnea for seven montlis. Six days before deatli he had substernal 
discomfort, vomiting, and exhaustion. On the day of death his feet be- ’ 
gan to SAvell. Examination on that day revealed signs of aortic stenosis 
and insufficiency, and that evening he Avas found dead on the floor of the 
toilet, Avherc he had fallen from the scat, and had apparently died in- 
stantly. Autopsy shoAved the aortic valves fused in a funnel-shaped 
aperture so small as to admit only the extreme tip of the little finger. 
The heart Avas tAvo and a half times the normal Aveight. Budin and 
Deeaudin*' gave a brief report of sudden death in a Avoman of forty- 
eight Avho Avas Avalking around her bed in the hosj)ital. She had 
presented clinical signs of aortic stenosis and insufficiency; autopsy 
shoAved aortic stenosis Avith thickening and fusion of the vaWe cusps, 
Avhich Avere infiltrated Avith calcium salts. 

It Avas not, hoAA’cver, until 1875 that any general connection betAveen 
aortic stenosis arid sudden death Avas mentimxed. In that year, Wilks and 
Moxon® made the folloAving interesting comment : 

“In very old diseased valves, calcareous changes may take place. . . . This petri- 
faction is the most frequent cause of simple aortic obstruction. The earthy con- 
cretions grow into great masses that invade the valves until at last they are con- 
verted into immovable nodular masses of stone, with tlie orifice of the aorta reduced 
to a little chink of the size and shape of the mouth of the uterus. Such examples 
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you may sometimes meet as causes of the sudden death of hale-looking old men 
toho never had dropsy, and sometimes they arc found in the bodies of old men who 
have died of independent diseases, even when the obstruction of the aorta is nearly 
absolute; such eases arc very surprising;, and prove how comparatively innocent is 
simple obstruction of the orifices.” 

Ill recent years a i'etv more instances of sudden death have been re- 
ported briefly. In 1921, Lntcmliacher'-' cited an instance in which 
autopsy revealed not only aortic stenosis of rheumatic type, but also 
blocking- of the nai'rowed orifice by ti large blood clot. Six years later 
Willius^® reported tlie results of a follow-up study of ninety-six cases 
of aortic stenosis. Only seventy-six of these were successfully traced; 
of this number, fifty-six had died of cardiac disease in an average time 
of seventeen months after examination. In eight of these fifty-six, death 
had occurred suddenly. jMore recently IMargolis, Ziellcssen, and Barnes^^ 
.studied forty-two cases of calcareous aortic valvular disease, the diagnosis 
being based entirely upon jiost-morlem examination. These authors 
state that sudden death occurred in five eases. “In three of these cases 
considerable sclerosis of the coronary arteries was found, without evi- 
dence of occlusion, however; in one case there was severe cardiac decom- 
])ensation. The fifth case in which sudden death occurred was that of a 
woman, suffering from exophthalmic goiter associated with auricular 
fibrillation and congestive cardiac failure. At necroiisy the coronary 
arteries were found not to be seloiuscd but there was stenosis of the 
aortic valve due to fusion and calcification of the right and left anterior 
cusps.” It is impossible to determine from their paper how great was 
the degi-ee of stenosis of the valve orifice in these cases, but it was prob- 
abl}^ very slight .since a clinical diagnosis of aortic stenosis was made in 
only two of the forty -two patients. They state specifically that occlu- 
sion of any of the larger branches of the coronary vessels was not found 
in any case. It is important to note that their five patients who died 
suddenly were in their u.sual health; the authors slate that “a certain 
proportion of the patients died suddenly, although until the time of death 
thej'- appeared to be in normal heallh.” Christian^- has recently re- 
ported twenty-one cases of aortic stenosis of the calcareous typo, but there 
was no instance of sudden death in his series. Four of the patients 
reported by Campbell and Shackle^* died “absolutely suddenly without 
prcliminaiy failure. ’ ’ It is not stated in their paper wliether these four 
were in the atheromatous or syphilitic group, but Dr. Campbell has been 
kind enough to write us that three of them had atheromatous aortic 
stenosis, and one had syphilitic aortic insufficiency. The most compre- 
hensive study to date is that of IMeGinn and AVhite''* who have quite 
recently reported upon 236 cases of aortic stenosis. Nine of the 172 
deaths in this group were sudden; presumably six of these nine are those 
reported by Cabot,- since the same autopsy reports were used for both 
studies. 
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We have been able to find only one detailed report of syncope asso- 
ciated with aortic stenosis, althongli several references to the “sjoieopc of 
aortic valve disease” have been encountered. Smitli^® has placed on 
record the report of a man thirty-six years of age who had seven or 
eight fainting spells in 1926, then four years of freedom, and a retuni 
of the fainting spells in 1930. The first of these occurred only with 
strenuous exertion, but by July, 1930, they came if he walked one block 
at a slightly faster rate than usual; tlie last one was induced by the 
effort of lifting his small son. Unconsciousness lasted from one-half 
minute to two minutes; ho was pale, and cyanosis had not been noted; 
eon%mlsive movements and twitching had never been observed, This 
patient exhibited the typical signs of aortic stenosis. The author states 
that “in cases of aortic stenosis with syncopal attacks, the same condi- 
tion, that of cerebral anemia, probably exists, due to two principal 
factors: (1) the high degree of narrowing of the aortic orifice, and 
(2) fatigue of the left ventricle. Under conditions of stress, cerebral 
anemia results from the inability of the left ventricle to force blood 
through the na.iTowed oiifiee in sufficient amounts for the brain to func- 
tion effieientlj’’, ” Campbell and Shacklc^^’ report that syncopal attacks 
occurred in three of their patients with rheumatic aortic stenosis; two 
of them were in good health, but, in the third, anginal attacks had been 
followed by loss of consciousness on three or four occasions, and he died 
in one such attack. Four of their subjects vfith aortic stenosis of 
atheromatous or unlniown origin were .subject to sjmcopal attacks, and 
one of these died suddenly. The authors state that the cause of death in 
this last case was probably a Stokes-Adams attack, but in view of the 
follovfing discussion we venture to think this improbable. Of the 236 
patiexits with aortic stenosis reported by SIcGinn and White, sjmeope 
oeciirred in 31; the aidhors do 7iot discuss its cau.se or significance. 

The infrequency of reports m the medical literature of the past eightj'’- 
five years, and the failure of practically all textbooks to mention either 
sudden death or sjmeope in connection with aortic stenosis, would lead 
to the impression that these occur only rarely. It is our belief that both 
smieope and sudden death occur with sufficient frequency to justify 
their association Avith this particular cardiac lesioTi, and the folloAving 
report of eleven eases seems justified on the basis of its possible im- 
portance for prognosis and in order to stimulate interest in further 
study. 

Of these patients, six were in the New Haven Hospital or Dispensary, 
and five wore seen in private practice. 

CASE REPORTS 

Case 1. — H. P. P., a white American housewife of forty-five years, had been 
conscious of dyspnea on exertion for several years, but had been troubled especially 
during the preceding six months. The effort of climbing one flight of stairs caused 
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consiclcriiljle disfress. Occsisionnlly slift awoke ni jiifjlif with a sense of substorniil 
oppression and diflicnlty in breatliinj'. Fnti<,nie line! been present, most of tlie time. 
She had not sufCereil from coiifrli, ortlmjmea, or ctleina. 

Slie bad bad seailet fever at I be afic of six year.s, and rbonmatie fever at twelve 
years, with involvement of j)raeti<‘ally all joints. One year previously she bad bad 
severe tonsillitis, followed by .motber boat of rbciimatic fever with multiple joint 
involvement. Tousilleetomy was performed shortly afterward. 

Physical examination: She looked perfectly healthy. There was no cyanosis or 
dyspnea while at .rest, and she was :iblo to lie on one pillow without discomfort. 
There was no engorgement of the cervical veins. The ai)e,x impulse of the heart was 
visible and palpable in the fifth left intercostal space, 10 cm. from the median line. 
There was a short presystolie thrill at the apex and a coarse systolic thrill over the 
aortic area. The cardiac rhythm was regular, the rate normal. At the apex the 
first heart sound was moderately accentuated; it was ]ireccded by a rumbling diastolic 
murmur and followed by a blowing s\-stolic murmur. In the aortic area there was a 
very harsh, rough S3'stolic murmur, well heard over the carotid and subclavian arteries; 
a prolonged diastolic murmur was audible beneath the upper sti’i'inuu. The lungs 
were clear. The liver was not enlarged and there was no edema. 

Electrocardiogram .showed intraventricular heart-block. Tlie blood Wassermann 
reaction was negative. 

The diagnosis was thouglit to be rheumatic heart disease witli stenosis and insuf- 
ficiency of the mitral and aortic valve.s, and intraventricular heart-block. 

For the next three \'cars her cardiac condition remained lu-acticall.v unchanged. 
SIic continued to sutTer from moderate limitation of jiliysieal exertion; one year later 
she thought this limitatiou was greater than before. 'I'lie small remaining portions of 
tonsillar tissue were removed because of freipieut sore throats and slight rheumatic 
pains. So far as can be learned, lier last visit to a jihysician was six monllis prior 
to her death, when she was suffering from an acute infection of the upjier respiratoiy 
tract. During the three .vears that clajised between her first visit and her death, 
there was no apparent change in tlic plij'sical signs over the heart or in the character 
of the murmurs. At no time did she develop signs of congestive heart failure. 

One da}' when aiiparently as well as usual, she walked a short distance to visit a 
neighbor. On her return she jiauscd in her own garden to jiliick a flower, and fell 
dead. 

0,\SK 2. — .T. C. AI., a white American male of thirty-seven years, had complained 
of excessive gas in the stomach and .shortness of breatli for about eight years. Ten 
years earlier lie had been refused !idmission to tlie U. S. Army because he was said 
to have heart disease with mitral iiisuflieiency ; at that time he had no symptoms. 
About two years later he began to have slight gaseous distension after meals, and 
dyspnea was first noted when exertion coincided with the presence of gas. Both 
symptoms had become gradually but steadily worse, until they interfered greatly 
irith his physic.al activity, lie had never sufl’ered from orthopnea, cough on reclining, 
or edema of the lower extremities, llis occupation involved relatively little physical 
activity. 

There was no history of rheumatic fever, chorea, scarlet fever, or diphtheria. 
Severe tonsillitis had occurred several times. 

Physical examination .showed a well-developed, poorly nourished man without 
cyanosis, dyspnea, or engorgement of the cervical veins. Tn the erect posture, the 
apex impulse of the heart was visible and palpable in the seventh left intercostal space 
in the anterior axillary line; with the patient recumbent, it was maximal in the sixth 
intercostal space just beyond the mammary lino. There was a sustained systolic 
thrill over the aortic area, felt also in the arteries of the neck. No thrill was felt 
at the .ape.x. The rhythm was fundamentally regular, but was interrupted frequently 
by premature beats. There was a harsh, prolonged systolic murmur and a softer 
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blowing diastolic murmur in the aortic area and bcneatii tlie sternum; the systolic 
murmur was transmitted upward, the diastolic downward. Both lieart sounds were 
absent in the aortic area. There was a softer s^'stolic murmur over tlie lower pre- 
cordhim, but no diastolic murmur was heard. The position of the apex impidsc 
shifted considerably with the rotation of the patient's body, and Broadbent's sign 
could not be demonstrated. Blood pressure was 120-125 mm. Hg sy.-^tolic, 5S-C4 mm. 
diastolic. The lungs wore clear to percussion and auscultation. The liver and spleen 
were not palpable. There was no edema of the lower extremities or lower back. 

Electrocardiogram showed frequent auricular and junctional premature beats. 

A seven-foot roentgenogram of the heart .showed the transverse diameter of the 
thorax to be 29.5 cm. and that of the heart to be 1G.4 cm. The enlargement of the 
heart was chiefly of the left ventricle. The aorta was normal in size. 

The blood Wassormann reaction was negative. 

The diagnosis was thought to bo rheumatic heart disease with aortic stenosis and 
insufficiency and mitral insufficiency. There were no clear signs of mitral stenosis. 

The patient was observed at regular intervals for the next eleven months. So long 
as he was careful about physical activity he was perfectly comfortable, and was grad- 
ually able to increase the amount of walking and liglit work about his store. He 
slept well on one pillow and did not have edema. Approximately one year after he 
first came under observation he went fishing, and while standing quietly on the bank 
of a brook, he suddenly fell to the ground and was dead when his companion reached 
him within a very few seconds. 

Case 3. — J. C., a white American mule of forty-one years, complained chiefly of 
breathlessness. In November, 1929, while doing fairly heavy work, he experienced 
very severe pain beneath the sternum, radiating to both arms. This pain lasted at 
its maximal intensity for about a half hour, and then gradually subsided. He stopped 
work for the day, and on the following day seemed almost ns well as usual; within 
a short time, however, ho began to have typical anginal pain beneath the sternum, 
radiating down both arms; nitroglycerin afforded iinincdiate relief. For a number 
of months the pain occurred almost exclusively at night, and often came several 
times. About four or five months later, he began to have paroxysmal nocturnal 
dyspnea, and this continued for several nionths, becoming gradually worse. By 
May, 1930, he was forced to sit in a chair all night in order to breathe. He was 
unable to carrj' on any significant physical activity, but was not confined to bed. 
Ho grew gradually worse until September, 1930, when he was admitted to a hospital. 
Anginal pain had then been absent for five nionths. 

He had had severe rlicumatie fever at the age of seventeen years. 

Physical examination showed a large, well-developed man, propped up in bed and 
exhibiting marked dyspnea and orthopnea. There was moderate pallor of the skin 
and mucous membranes. There was no cyanosis and little or no venous engorgement 
in the neck. The apex impulse of the heart was considerably beyond the maniniaiy 
line, almost in the anterior axillaiy line, in the fifth and possibly the sixth left 
intercostal spaces. There was a rather harsh systolic thrill in the aortic 
area; no thrill was felt wdtli certainty at the apex. The cardiac rhythm was 
regular, the rate normal. Systolic and diastolic murmurs were audible over the 
entire precordium; in the aortic area the murmurs were typical of those associated 
rvitli aortic stenosis and insufficiency. The aortic second sound was absent. A mitral 
diastolic murmur was thought to bo present, but this was not certain. Blood pressure 
was 122/76. The lungs showed dullness and crackling rales over both bases pos- 
teriorly. The liver edge was palpable just below the right costal margin. Tliere was 
slight edema of the right foot; none of the left. 

A seven-foot roentgenogram of the heart showed the total transverse diameter 
to be 19.5 cm., and that of the thorax 31,5 cm. There was no widening of the aortic 
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shadow. Elect roeardioprani.s on two occasions slioweil intraventricular heart-block 
of slight degree, the ventricular deflections being ui)ward in Lead 1 and downward 
in Lead III. 

Tho blood 'Wassernianu reaction was negative. 

The signs were thought to indicate rhennintic heart disease witli stenosis and 
insulliciency of the aortic and mitral valves; anginal heart failure due to interference 
with the coronary circulation, probably by distortion of the orifices of tlie coronary 
arteries; congestive heart failure. 

Four days later, when the nurse entered his room in the morning, he told her he 
felt very well and had had an excellent night’s rest. Slie waslied Iiis face and hands 
and left the room for a period of about fiv(‘ minutes. AVlum she returm'd she found 
him in tho same position, dead. Aufop.sy was not permitted. 

Case 4. — J. D., a white American male forty years of age, was admitted to tho 
bTcw Ilavcii Hospital because of breathlessness on exertion; this had begun about two 
years previously and had slowly increased in .severity. .About twfi weeks before ad- 
mission, following a severe cold with cough, he became rapidly worse, and dcvelojied 
orthopnea and edema of the lower extremities. Tlie symptoms increased so steadily 
that his physician recommended hospital care. Tliere was no history of rheumatic 
fever. 

Physical examination: The patient was a well-develo])ed, fairly well-nonrislied 
white man who exhibited nuirked dyspnea, orthopmci, and cyanosis. There was 
profuse sweating and frequent slight ])roductive cough. The :ippx impulse of the 
heart was visible and paljjable in the fifth and sixth left intercostal spaces in tiie 
anterior axillary line. There was a distinct systolic thrill in the aortic area, felt 
best with the patient sitting. No thrill was felt at the ai)ex. Over tlie aortic area 
there was a verj- harsli, coarse systolic murmur, well heard over the carotid and 
subclavian arteries. Tlie aortic second .sound was absent. A soft diastolic murmur 
was audible beneath the sternum. A .systolic murmur was audible at the apex, but 
no presystolic or diastolic murmur could be heard in this location. Tho cardiac 
rhythm was regular, tho rate 90 jior minute. Tho blood pressure was I10/G2. Tho 
lungs showed numerous crackling niles over botli bases. Tiie liver extended about 
4 cm. below tho right costal margin. There was marked pitting edema of tho lower 
extremities. There was no clubbing of the fingers or foes. 

A seven-foot roentgenogram of tho heart revealed considerable enlargement, 
chiefly of the loft ventricle. Tho electrocardiogram .showed normal mechanism. 

Kahn and Wassermann tests upon the blood serum were negative. 

The diagnosis was thought to be rlieumatic he.-irt disease with aortic stenosis and 
insufiicieiicy, and congestive heart failure. 

Tho patient improved and was discharged three weeks .after admission, in fairly 
good condition. He went home and rested for two weeks, then returned to work in 
a wire factory, lie continued working for two weeks, but noticed a return of 
edema in the lower extremities, dy.spnca, orthopnea, and cough. Because of an in- 
crease in the severity of these symptoms ho was taken to a hospital, where he re- 
mained for five weeks. He was discharged, again comparatively free of symptoms, 
and went home for three weeks. During this period, tho dyspnea and orthopnea 
returned, and he spent much of the time in bod. Symptoms were induced by the 
slightest exertion, and he would awaken several times at night with a sense of suf- 
focation, relieved by sitting up. He was again admitted to the Kow Haven Hospital. 

During the fifty-seven days tliat he remained in this hospital ho was propped up 
in bed or in a chair constantly. Digitalis was continued in maintenance doses, and 
he received various diuretics at frequent intervals. Despite these measures he be- 
came slowly but steadily worse. During the last two weeks of life, his condition 
changed very little from day to day. One morning ho was sitting quietly in bed 
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wJiile the nurse waslied Jiis hnncls. He suddeitlj became intensely cyanotic, and 
lespiiations ceased within a few seconds. Death occurred in about a minute. 

Autopsy was performed the same day. The wcigiit of the heart was 900 grams; 
the wall of the right ventricle measured 6 to 7 mm. in thickness, that of the left 
IS mm. TJie j)ulmonary and tricuspid valves appeared normal in all respects. The 
mitral valve leaflets were thin, flexible, and normal in appearance, except for a few 
small, discrete, firm, translucent nodules along tlje free edges. These nodules meas- 
ured 2 to 3 mm. in diameter, and felt like deposits of calcium witliin the valves. 
There was no stenosis of tlie mitral orifice. Tlie aortic orifice, as seen from above, 
appeared to be a tiny slit; it measured only G to 7 mm. in its greatest diameter, 
and was so distorted that the original boundaries of the individual valve cusps 
could not be deteianined; they I’cmained only as greatly thickened, fused, calcified 
structures. On the aortic surface of the anterior cusp, there was a small friable 
ante-mortem thrombus. The orifices of the coronary arteries were patent, and careful 
dissection of all the major brandies failed to reveal any occlusion. Microscopically, 
the onty significant change consisted in enormous hj-pertrophy of the muscle fibers. 
Ho increase in connective tissue was seen. 

Case 5. — F. R., a Jewish woman of twenty -nine years, stated that she had suffered 
from dyspnea on exertion for about ten years. This symptom was said not to have 
increased in severity during the past two or three years. She had never had 
orthopnea, cough on reclining, pain over the liver, or edema. She had suffered from 
severe rheumatic fever in early adult life. 

At the time of her first visit to the New Haven Dispensary, physical examination 
revealed slight cyanosis of the lips. There was no venous engorgement in tlie neck, 
and no dyspnea wliile at rest. Tlie apex impulse of the heart was visible and 
palpable in the fifth left intercostal space in the anterior axillary line. A presystolic 
thrill was palpable over the apical thrust and a coarse, prolonged systolic thrill in 
the second right intercostal space near the sternum. The cardiac rhythm was regular 
and the rate normal. At the apex tlie first licart sound was greatly accentuated and 
continued into a blowing systolic inurniur; 'the second sound was followed by a low- 
pitclied murmur that extended through most of diastole. In tiie aortic area there 
was a loud, harsh systolic murmur transmitted to the arteries in tlie 'neck; a pro- 
longed diastolic murmur was audible beneath the upper sternum and along the left 
sternal border. Tlie position of the apex impulse shifted several centimeters witli 
rotation of the patient's body. TJic blood jnessure was 14J/SG. There were no signs 
of visceral congestion and no edema. The blood Wassermann reaction w'as negative. 

The physical signs were regarded as those of rheumatic heart disease w'itli stenosis 
and insufficiency of the mitral and aortic valves. 

Five and a lialf years later she was admitted to the New Haven Hospital be- 
cause of slowly increasing congestive heart failure. For some months she had suf- 
fered from dyspnea, orthopnea, and physical weakness. The heart was found to 
have increased greatly in size during the intervening years; the apex impulse was 
in the sixth left intercostal space beyond the anterior axillary line. Tlie riiythm wn.s 
totally irregular, the rate normal. The heart sounds and murmurs were as described 
above. The blood pressure was 140-146 mm. Hg systolic, SO-90 mm. diastolic. The 
liver was slightly enlarged but not tender. There was no edema. 

Fluoroscopic examination confirmed the clinical finding of great cardiac enlarge- 
ment, and revealed conspicuous dilatation of both auricles. Electrocardiogram showed 
auricular fibrillation and digitalis depression of the S-T intervals in Leads I and 11 ; 
tliere was no axis devi.ntion. Tiie urine contained a faint trace of albumin, but was 
otherwise noi'mal. The Kalin reaction on the blood serum was negative. Other hib- 
oraton' examinations revealed nothing of significance. 
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She remained in the hospital for twenty-five days, most of tlie time at complete 
rest in hed. Digitalis ^Yas continued in doses sufficient to control the cardiac rate; 
otlier treatment was purely symptomatic. There was steady improvement, and she 
left the hospital feeling quite comfortable. About one week later she suddenly fell 
dead in her home. Autopsy was not performed. 

Case 6. — J. L., a Jewish man of fifty-eight years, was admitted to the New Haven 
Hospital because of symptoms of heart failure. He had noticed moderate breathless- 
ness on exertion for several j’oars, but it had not interfei'ed seriouslj'^ with his ac- 
tivity until several months before. Two weeks jjrior to his admission, he stopped 
work in order to rest for a week, but his improvement was not great, and on the 
morning of admission he found he was luiable to walk even the short distance to a 
trolley line. 

A review of his past and family histories revealed no items of importance. 

Physical examination: The patient was rather emaciated. There was considerable 
dyspnea while at complete rest, greatly increased by slight exertion. There was 
slight cyanosis of the lips; no venous engorgement in the neck. The apex impulse 
of the heart was visible and palpable in the fifth and sixth left intercostal spaces 
beyond the mammary line. There was a short thrill over the apex, thought to be 
presystolie in time, and a coarse sustainccl systolic thrill over the aortic area. The 
cardiac rhythm was regular, tlic rate normal. In the aortic area there was a loud, 
rough systolic murmur transmitted to the arteries of the neck. The aortic second 
sound was absent. There was a prolonged diastolic murmur beneath the sternum. 
At the apex there were systolic and diastolic murmurs, different in quality from 
those at the base. Blood pressure was 138/70. The lungs showed dullness and 
numerous crackling rales over the lower portions. The liver edge was just above 
the level of the umbilicus. There Avas no edema. The ‘SVassermann reaction on 
the blood serum was negative. 

The physical signs were interpreted as indicating rheumatic heart disease with 
stenosis and insufficiency of the aortic and mitral valves, and congestive heart failure. 

He was admitted to the hospital about 7 p.m. and received morphine hypodermi- 
cally at once. He vomited small amounts of fluid at 10 P.M. and at 3:30 a.m. He 
was not regarded as critically ill; his condition was such that it was believed he 
would improve with rest and medication. He seemed to be quite comfortable until 
4:50 A.M., Avhen there was sudden extreme respiratory distress and he w'as dead 
within several minutes. 

Autopsy: The heart weighed 750 grams. There was marked sclerosis of the 
coronary arteries, but no obstruction could be found in any of them. The three 
cusps of the aortic valve Avere very rigid, brittle, and fused together into a calcified 
mass which projected into the aorta like a crater. The orifice at its Avidest diameter 
measured 1 cm.; it Avas comiilctely occluded by a blood clot AA’hich Avas firmly adher- 
ent to the free edges of the valve. At the point of adhesion, the thrombus Avas pale 
and friable; in the center it was dark red and elastic. The orifices of the coronary 
arteries were not obstructed. The cavity of the left ventricle was relatively enor- 
mous. The wall of the right ventricle Avas 0 mm. in thickness, that of the left Avas 
18 mm. The mitral orifice Avas considerably narrowed by fusion of the A’alve edges. 
The leaflets Avere thickened, especially at the free edges and Avere less freely movable 
than normal. At the point of fusion of the two valves anteriorly, the endocardium 
Avas replaced by a rough calcareous area. The chordae tendineae Avere thickened. 
The pulmonary and tricuspid vah'es AA-ere normal in size and appearance. Micro- 
scopic examination revealed a great increase in size of the muscle fibers of the left 
ventricle. Scattered throughout the walls of this chamber Avere small collections of 
mononuclear leucocytes; these Avere located chiefly about the arterioles, but some of 
them were seen transecting groups of muscle fibers. Some sections of the left 
A’entricle sIioAved great increase in connective tissue. 
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Case S. — S. N., a Jewish farmer of lifty-two years, was sent to tlie New Haven 
Hospital by liis physician for observation and rest. He stated that two years earlier 
lie had suddenly fallen unconscious while running in pursuit of his cattle. He did 
not know how long he remained unconscious, but was later able to walk slowly to his 
home, feeling as if he were intoxicated. About one month later he again fainted 
while running, and was just recovering consciousness two hours later when found by 
his wife. \Yithin six months he had experienced eight similar episodes, all of them 
occurring while he was running or doing heavy manual labor on his farm. Upon 
the advice of his physician, he stopped farm work for five months; he then resumed 
his work, but noticed great difficulty in walking, especially up hills or up stairs. 
After walking for only one or two minutes, he had a sensation of oppression beneath 
the slernum, and increasing dizziness; cveiything would begin to turn black, and he 
felt that he would lose consciousness if ho did not sit down or lean against a support. 
For the nine months preceding his admission to the hospital, he had worked very 
little. He had not suffered from orthopnea, cough, or edema. 

His past health had been excellent ; he could recall no illnesses. 

Physical examination: The patient was well developed and nourished and did 
not exhibit cyanosis, dyspnea, or venous engorgement while at rest. The apex im- 
pulse of the heart was palpable in the fifth left intercostal space bej'ond the mam- 
mary line. There was a distinct systolic thrill in the aortic area, felt best during 
expiration with the patient leaning forward. No thrill was felt at the apex. The 
cardiac rhythm was regular, the rate normal. The heart sounds wore of poor 
quality. In the aortic area and over the carotid and subclavian arteries there was a 
loud, harsh systolic murmur. The aortic second sound was absent. No diastolic 
murmur was heard over any portion of the precordium. The blood pressure was 
120/80. There was moderate sclerosis of the peripheral arteries. There were no 
signs of visceral engorgement. 

A seven-foot roentgenogram of the heart revealed moderate enlargement of the 
left ventricle. There was no dilatation of either auricle, and the aorta was normal 
in size and shape. Electrocardiogram showed normal sinus mechanism. The blood 
Wassermann was repeatedly negative. 

The signs were interpreted as indicating aortic stenosis without insufficiency; the 
etiology was tliought to bo uncertain. 

He remained in the hospital for one month, the only treatment being rest. On 
several occasions while walking about his room he was forced to stop because of 
increasing dizziness; he felt sure that he would lose consciousness if he continued 
the exertion. 

He was readmitted to the hospital six months later because of signs and symptoms 
of congestive heart failure. These had appeared several weeks previously, following 
an infection of the upper respiratory tract. At this time he displayed the classical 
signs of heart failure nith venous congestion. The physical signs relating to the 
heart were unchanged except for increased rate. There was moderate improvement 
as a result of rest and the administration of digitalis, and he was discharged after 
three weeks, to continue resting at home. 

Ten weeks later he was admitted for the third time because of rapidly increasing 
heart failure. He remained in the hospital for three months ; at first there was some 
response to digitalis and diuretics, but later he became steadily worse, and died. 
Death did not occur suddenly. 

Post-mortem examination: The heart weighed 750 grams. There was an increase 
in the thickness of the left ventricular wall. The mitral, pulmonary, and tricuspid 
valves appeared perfectly normal. The aortic orifice, as viewed from above, was 
narrowed to a minute slitlike opening which would barely admit a small probe ; when 
opened, the aortic orifice measured only 5 cm. in circumference. The valves were 
greatly distorted, thickened, and calcified. In the sinuses of Valsalva there were 
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largo calcified masses, extending to the valve cusps. The right anterior and posterior 
cusps were completely fused by calcareous masses. On the margins of all three cusps 
there were a few very small friable granulations. Microscopic examination revealed 
a notable inci’ease in the size of muscle fibers of the left ventricle. Tliroughout the 
walls of this chamber there was fine diffuse fibrosis in addition to large islands of 
denser scarring. The orifices of the eoronaiy arteries were patent, and no obstruc- 
tion could be found in any of their branches. 

Case 9. — F. B. F., a white American housewife of sixty- two years, complained of 
pain in the left shoulder and down the outer aspect of the left arm as far as tlie 
wrist. This was said to have been present for at least twenty years, and was elicited 
hy physical exertion. For the preceding two years, pain had occurred also over 
the preeordiuni, often beginning in the left breast and radiating to the shoulder and 
down the outer aspect of the arm. It had never been experienced beneath the 
sternum, had never been constricting or tearing in character, never severe enough to 
make her cease walking, and had invariably disappeared ■within five or ten minutes, 
although she continued walking. Six months earlier, she had suddenly fainted while 
walking along the street. She was unconscious for only about a minute, and upon 
recovering consciousness felt perfectly well. She consulted a physician who told 
her she had heart disease; this was her first knowledge that anything was wrong 
until her heart. She had never suffered from dyspnea, orthopnea, cough, or edema. 

Careful questioning about the past history and family liistory revealed no items 
of significance. 

Physical examination: The patient looked perfectly healthy; her color was ex- 
cellent; the respirations were entirely normal during rest and quiet activity. There 
was no venous engorgement in the neck. The size of the heart could not be satis- 
factorily determined by physical examination; the apex impulse was faintly felt in 
the fifth and possibly the sixth left intercostal spaces just outside tlie mid-clavicular 
line. There was a systolic thrill over the aortic area, also felt over the subclavian 
arteries; no thrill was felt at the apex. The cardiac rhythm was regular, the rate 
SO per minute. In the aortic area there was a harsh, prolonged systolic murmur, 
transmitted to the carotid and subclavian arteries. Tlie aortic second sound was 
absent. In a very small area at the left sternal liorder at the level of tlie third 
costal cartilage, a soft short diastolic murmur could be heard. There was a short 
blowing systolic murmur at the apex. The blood pressure was 184/96. There was 
moderate arteriosclerosis of the radial, brachial, and retinal arteries. The lungs 
were normal to percussion and auscultation. The liver was slightly enlarged. There 
was no edema. 

Fluoroscopic examination revealed moderate enlargement of the heart, the increase 
in size apparently involving only the left ventricle. There was no dilatation of either 
auricle, and the aorta was of normal size. Electrocardiogram showed normal sinus 
mechanism, left axis deviation, and slight inversion of the T-waves in Leads I and II. 
Tho Wassermann reaction on the blood serum was negative. 

The physical signs were interpreted as indicating aortic stenosis and very slight 
insufficiency; the etiology was thought to be arteriosclerosis, possibly subsequent to 
rheumatic damage. 

During the following year there were repeated episodes characterized by sudden 
loss of consciousness. These usually lasted about ten minutes and invariably occurred 
during, or immediately at the conclusion of, such physical exertion as walking along 
the level or up one tiiglit of stairs. These continued until her physical exertion was 
practically ended by the onset of congestive heart failure, of which she died two 
and one-half years after her first visit. Death was not sudden or unexpected. 
Autopsy was not performed. 
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Cask ]0. — TI. IT., u white Ainericsin woniim of fifty-eijihl yesus, was refeneil for 
exiuuinatiou hecause of faintiag .•iia'lls. Twice within two months she had .suddenly 
lost conseionsness while widUin;; nlonir the street: sin' was nneonscioas for ten 
ininntes on the first occasion, and aliont Ihri’e niinntes on the second, h’or aliont a 
year she had noticed sliiihi breathlessness after elimbinn hills or stnir.s, bnt none 
while walkinfr aloiif; the level, .‘^he had never had ortliojiiiea, cou^rlij edema, or sab- 
sternal pain. 

She had never had rheumatic fever, chorea, scarlet fever, or diphtheria. There had 
been frerpient tonsillitis in earlier life. 

I’hysical examination: She a]ijieaied perfectly healthy. Color and respirations 
were normal. The apex impulse of the heart could not be seen or felt. There was 
a distinct .systolic, thrill in the aortic area; none w.'is felt elsewhere. The cardiae, 
rhythm was refinlar and the rate iiornutl. In the aortic areji there was a vi>ry loud, 
raspin'; systolic murmur well tvansmitt<’d to the arteries in the neck. The aortic 
.«econd soniid was I'xtremely faint. Theri' was a very faint short diastidie murmur 
beneath the upper sternum, audible <inly when the jiatient stojiped breathing. 'I'lio 
blood pressure was 111-/(10. There was sli',;ht sch'iosis of the retinal arteiies and 
modenite sclerosis of the radial and brachial arteries. 

Fluoroscopic examination revealed moderate enlar^;enient of the left ventricle and 
increased density of the aortic shadow. There was no dilatation of the auricles. 
The aorta was normal in si/e. 'I'he elect rocanlio^ ram showeil h'fl axis deviation; 
the conduction intervals :ind ventricular delleclions weie normal. 

The Wassennanu reaction on the blood serum was negative. 

The jdiysioal si};ns were tennrded as those of aortic stenosis with slight insuf- 
ficiency. It was thouf'ht that tht> lesion was jirobaldy arteriosclerotic but jio.ssildy 
rheumatic, or a combinntiou of the two. 

For .several months she was free from .syncope, then for many weeks noted di/./,i- 
ness on walkinp:; this would disa]i]iear ufion ecssation of the exertion. .After a few 
months, however, she be”au to have complete loss of consciousness associated with 
walking or with other forms of jdiysieal exercise, .\bout eitjhteeii months after her 
visit she became umvilliii" to fjo out of doors because the effort of walking; even 
very short distances often caused .syncope, which lasted from three to ten or fifteen 
minutes. On several occasions she fell tinconscions on the stieet evi'ii thou(;h for 
.several prceediiif; days she had been able to walk withotit ditlicnlty. She did not develop 
eonpestive heart failure. Almost exactly two years after she came under observa- 
tion, .she walked nji.staii.s to "ct her hat, jirejiaiatory to st.'irtinn on a motor ride. 
Her husband and sister heard her fall to the floor, and rushed at once to her; .she 
was completely unconscious, and died within several minutes. 

('asi; 11. — A white, married, American snle.sman sixty year.s of at;e was admitted 
to the Xew ITaven Hospital in May, 1930, because of dizziness, ))al]dtation, and 
dy.sjinea. He had suddenly become dizzy and lost consciousness for the first time 
nine months previously, and had then felt perfectly well until one month before 
admission. At that time ho had a typical paroxysm of nocturnal cardiac dy.spnea, 
relieved promptly by the administration of morjdiine. 

The past and family histories disclosed no items of apparent imjiortance. 

Physical examination showed obesity, moderate dyspnea and orthoimea, slight 
engorgement of lungs and liver. The heart was not enlarged as judged by jihysical 
examination, there was galloji rhythm and a faint systolic, murmur at the ajiex. 
There was no note of a basal systolic murmur. The blood pressure was 100 to HU) 
systolic, GO to 70 diastolic. The prostate gland was enlarged. There was no edema. 
Kxaminations of the blood, urine, and stools yielded normal findings; the chemical 
components of the blood and the renal function tests were liltewise normal. Elec- 
trocardiograms on several occasions showed moderate physiological tachycardia, loft 
axis deviation, and occasional ventricular premature beats. The Kahn test on the 
blood serum was negative. 
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The clinical diagnosis was arteriosclerotic heart disease with early congestive lieart 
failure. Treatment consisted of rest in hed, limitation of fluids/ and the adminis- 
tration of sedatives and of digitalis; after two weelcs he was perfectly comfortable 
and was discharged. 

He reported at intervals of one to three months at the Cardiac Clinic of the 
Few Haven Dispensary from .Tune, 19.10, until October, 1932 ; it was not until this 
latter date that he first came to the attention of one of us. He stated that during 
the two and a iialf yeai's since lus discharge from the liospital, he had not suffered 
from tlie synjptoms of congestive or anginal heart failure, but that his entire diffi- 
culty had consisted of loss of consciousness associated witlr walking. A review of 
his written records showed that he had fainted sixteen times during that period, 
always during or immediately at the cessation of rvalking. At times he could walk 
four or five blocks before losing consciousness; at other times, he would faint after 
walking less than a half block. The time of day, the season, the temperature and 
humidity, the presence of food in the stomach. Ins feeling of well-being or the re- 
verse, all appeared to be without effect; he stated that he could induce fainting at 
an,y time by walking a short distance. His first abnormal sensation was one of 
great emptiness in the upper abdomen and lower chest; this extended rapidly up- 
ward to the neck, he becajnc dizzy and lost consciousness within a few seconds of 
the first warning. The period of total unconsciousness lasted from five to fifteen 
or twenty minutes as a rule; this was followed by one or two hours of weakness, 
after which there was complete recovery. So long as he refrained from walking 
he felt perfectly well, and could perform his regular duties as a hardware salesman. 

Examination at this time disclosed no findings of interest other than those relat- 
ing to the heart. The heart’s apex lay in the fifth left intercostal space, directly 
in the mammillary line. No thrill could be felt uith certainty at the apex or base. 
The rhythm was regular, the rate normal. In the aortic area there was a harsh 
but not very intense systolic murmur, typical in all respects of that usually asso- 
ciated ndth aortic stenosis, and well heard over the subclavian and carotid arteries. 
The aortic second sound was absent. No diastolic murmur could be heard by any 
of several examiners. The blood pressure was 150/98. There were no signs of 
venous congestion. It was our impression that the patient had aortic stenosis of 
the calcareous type, without signs of aortic insufficiency, and that the syncope was 
in some way related to the narrowing of the aortic orifice. 

Treatment was purely symptomatic; at various times he took digitalis, metaphyl- 
lin and quinidine, but without clear evidence of benefit. He continued to have 
occasional syncope, always during or immediately after walking, with a single ex- 
ception. On that one occasion he was sitting quietly in a chair, and leaned for- 
ward to place a small box over a plant. As he sat up again, he realized that he 
was about to faint, but was able to walk about fifteen feet to a couch, and fell 
unconscious upon it. Following this ejusode, however, he could sometimes walk for 
an hour twice a day for some weeks without losing consciousness, only to faint un- 
expeetedlj' after walking less than a hundred yards. Altogether, he had about 
thirty episodes during the period from October, 1930, until May, 1933. 

During part of this time, we had tried vainly to persuade him to precipitate an 
attack in the eardiographic laboratory by means of deliberate exercise, but he was 
afraid that each episode might prove fatal, and was unwilling to provoke one volun- 
tarily. However, in May, 1933, he consented to permit observations, of which an 
abbreviated protocol follows: 

Unfortunately, the following observations are incomplete and unsatisfactory for 
several reasons: The room wms in semidarkness most of the time in order to secure 
electrocardiograms, and the noise of his stertorous respirations and the convulsive 
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movoiiients of the arms made it difRcult to secure satisfactory curves and to hear 
the heart sounds. A preliminary electrocardiogram of the usual three leads was 
secured. The time is recorded in minutes. 

0 Preliminary elcctrociirdiogram completed (Fig. l.t). 

VV\ The patient started walking from the lahoratory into the adjacent room, 
a total distance of about 20 feet. He swung his arms vigorously all 
the time in order to increase the exertion. 



Pig. 1. — Electrocanliograms of Case 11. Ail records arc of Lead 11. Time is in 
flftlis of a second. 

A, Before exercise. 

B, Just after onset of syncope. Nodal rliytlun, bradycardia, and marked depression 
of origin of T-wave. 

C, A few seconds after B ; patient completely unconscious. Return of sinus meciian- 
ism and appearance of ventricular prcmatur<i beats. 

D, A half minute after O. Paroxysmal tachycardia, rate 200 per minute. 

B, About three minutes after Dj patient conscious. Auricular and ventricular pre- 
mature beats and inversion of T-wave. 

tricu'la?^pre^,atoe"blafs“"'’ conscious. Shifting pacemaker. Ven- 

retui^in^towird^normar have ceased. T-wave is apparently 

For more complete description see the text. 
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5 At tile end of the seventh trip (a total distance of approximately 2S0 feet) 
his color was grayish vhite, and he sat on the edge of the couch, stating 
tliat he vas fairly certain he was about to lose consciousness. Unfor- 
tunately, an electrocardiogram was not secured at this moment; it was 
delayed in the belief that further exercise might be necessary. 'Witluu 
a few seconds, however, he lay down on the couch. Ins eyes rolled up- 
ward, the breathing became stertorous and quite loud. As soon us pos- 
sible an electrocardiogram was secured; it began at the sixth minute. 
The record was terminated in the middle of Lead II by convulsive move- 
ments of the patient's arm which made it impossible to keep the string 
shadow focused on the camera. The rate in the earlier portion of the 
record was approximately 70 per minute and irregular; in the latter 
portion it was about 50 per minute and regular. Lead I showed ven- 
tricular escape and nodal rhythm, but the ventricular deflections were 
unaltered. Lead II showed a continuation of nodal rhythm and a pro- 
found change in the T-wave which Imd its origin below the zero level 
and turned sharply downward (Fig. LB). The blood pressure during 
the period of slow rate was 124/80. After a few seconds of waiting, 
another portion of Lead II' was secured which showed the return of normal 
mechanism, then a sudden increase in rate and the appearance of ven- 
tricular premature beats (Fig. 1C). There was now complete loss of 
consciousness with deep, noisy respirations, occasional movements of the 
right arm and head, and slighter, less frequent movements of both legs. 

8 This record (Fig. lU) -was started at the eighth minute, about thirty seconds 
after the conclusion of the preceding curve. It showed simple paroxysmal 
tachycardia with a rate of 200 per minute; there was a change to sino- 
auricular tachycardia about the middle of the record. At this moment 
the patient began to sigh and muttered a few words, but it was clear 
that he had not fully recovered consciousness. Blood pressure had risen 
to 190/100. 

11 The patient seemed to be fully conscious but continued to sigh loudly and 
to roll his head impatiently from side to side. The rate of the heart 
was slightly above normal, and there were occasioiral premature beats. 
Electrocardiogram showed inversion of the auricular waves and continued 
inversion of the T-wavc which did not, however, arise so far below' the 
base line. There were premature beats arising in both auricles and 
ventricles (Fig. IE). 

12% Patient more quiet. Premature beats less frequent. Blood pressure lCO/90. 

Electrocardiogram (Lead II) shows P- and T-waves still inverted. (Fig. 
IF). 

14 Cardiac rate and rhythm normal. Blood pressure 15G/90. 

KiVo Electrocardiogram (Lead II) shoAvs normal mechanism with slight depres- 
sion of the S-T interval and T-Avave (Fig. IG). 

17 All three leads of electrocardiogram taken. In comparison Avith those ob- 
tained before exercise, there Averc a feAV minor changes. Tlic ventricular 
deflections Avere smaller in all three leads of the second record; the 
T-Avave in Lead I Avas more deeply inverted than in the preexorcise 
curves; and in Lead II the S-T interval was depressed in the second 
record, although the T-Avave in this lead Avas upright in the first. 

15 Cardiac rhythm regular. Blood pressure 326/90. 

23 The patient said ho felt very Avarm, but was perspiring less than usual 
after recovering consciousness. He thought this episode Avas typical in 
all respects but less scA’crc than most, AA'hich he ascribed to the fact tliat 
he Avas able to lie doAvn as soon as he felt any discomfort. 
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.‘;0 Ho foil just !is usual aftor an altnol:. (Ilo loiuaiiiod at rosi for auatlioi 
liour and lliou was talaui to Ins lioiiio by iiutonuibilo.) 

Covniii i>(. — H soonis ol>’ar that oloof im-anliiisrianis shnuh! Iiavo lio<*n lahon sis 
sotiu as tho palioul D'lt inioasy rathor lhau aftor tlio loss of ooiisolousaoss. Ausiuil- 
tatidii of tho hoart was jiraotioally valuoloss for !i tiiiio liooauso of iho noisy r<'S]u- 
ralious and tho ]>atioat’s ^roaaiut:. 'I'hi‘ oliTtna-ardioorafos riwoalod sov.-ral ohaucos 
that aro possibly of intjiortaui’o: 

(]) A oousidorahh' roduction in tho rato of tin* hoait. 

(2) Tho ousot of A-V nodal rltythui. 

(") A roiuarhaldo oliauito in Iho 'I'-wiivi' in l-oad II, \'hioh atoso from tlu‘ asoond- 
ill" linih of tlo' S w.'ivo oousiiloraldy holow llio /4'ro liio'. 

(1) Occurronci' of luauv oi’l<'j>ii‘ l>oat'^. shortly iidIow<al by simpio jiaroxysmal 
taohyoardia at !i rato of 2ihi por minulo. 

(.'A C'oas)ii(’uous ami doop invorsioii of tho T wavi' in I,o:id H. iliftiTout iroin 
that namtiouod in (.'!), v.hi'di oradually V.c.-aioi" lo-s aiol in tho tiiuil ourvos was 
inanifoslod as imulorati' di’iiro'-sion of tho S T inliTval. 

(lil Frts|Uont (diauijos irr pci'itiou of tlo* pananahor afli'T tlo' subsiihan’o of tin' 
taohyoardia. 

llopoatod attouipis wori> iiuolo to imlui’i* tin's pationt to rotiini for a n'pidition 
of tho ontiro prooisluri', but lo- tofiisiol. Soino mouths ttfli-r llio>o olo-i'rvjitions 
hail boon luado thoro ajijo-arod tho sjib-ndid papor by Woiss atol Itahor.-i whioh iirst 
mado tis sus]S'ot tho pimsibility of hyporaotivity of tho ojirolid sinus in this and 
similar casos. 

From May until Xoviunbor. llirtr:. tho pationt had lOily thii’o or four synoopal 
attaohs, and on mo'-t dtiys was tdilo to wall; for at loast two hours without .■•ymp- 
toms. On Xovotnbor ho fob to- woll as u“tml, tind was walhiuo about in his yard, 
liut in tho Into tiftornoim ho oamo indoors, lollino his wifo that ho was about to 
fjiint. Ilo was able to loaoh his bod lioforo losiiio oonsoiousaoss. and tlio attaolc 
sooimsl to his wifo oMu'tly similtir to all provions onos. .\ftor about ton luiuutos 
ho had rooovorod snllioiontly to smilo and sj'oal; to hor: within sovoral luinutos, 
howovor, another similar opisodo boyan and pro};rossod to its usual oonolusiou. 
Ota'o nioro ho smiled tit lo r as lio ro”ainod ^•Ilnsoiousnos^, but tdmost immodititoly 
a tliird .syni’o]i;d attaoh boomi, titid ho died within live minutos, just as his ]ihysioian 
roaohod tho room. Mis wifo tind ilau;;hlor. who hiol wilnossod most of his attaohs, 
wore omjihatio in slatino; tlmt tin* tliroo of this day wcio jiri'oindy similar in tip- 
pcaranco to all tho oarlior ones: tlio olmnuos in oolor and in broatliint^, tho oon- 
vulsivc niovomonts. tho durtition, tho slow rooovory wore just as tlioy had boon on 
previous oooasions. 

Autopsy was jiorforniod tit the Now llavon Hospittil about four hours later. 'J'ho 
hoart was modoraloly onhir;;od, its woiolii lioiufi iSu fininis, Tlioio was oxtromo 
stenosis of tho aorlio orilioo with douse oaloilioatioii of till cusps which wore con- 
vortod itito a sin};lo firm tiitiss. 'I'lio orilico was rodticod to a ntiriow slit about 2 
mm. wide and (5 mm. to 7 mm. lonir. Thoro was niodortilo hyportroj'hy of tho loft 
vontriclo, with but little dilatation, ’fho niitrtd, tricuspid, and jnilmonary vtilvos 
won* normal in appcaranco. 'Pho orifices of tho coronary artorios wore patent, and 
no evidonec of occlusion could bo found in any branch. Microscoiiioallv Iho hoart 
showed hypertrophy of tho niiisc.lo fibers with very little fibrosis. Holh carotid 
sinuses were removed, and no abnormality could bo detected f;rossly or mieidsco])!- 
cally. 

DISCU.SSION 

Of llie.se eleven cases, it secins retisoinibly ttcrltiin llitil. I.lic first seven 
had the rhcninatic type of heart disett.sc; in the remaining' four cases, 
the etiology must be regarded as ]c.s.s cerlain. These four prc.sumably 
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belong in the group that has been discussed at some length bj" numerous 
observers^’ — the group composed of elderly people who 

present clinical signs of aortic stenosis with or Avithout slight aortic in- 
sufficiency and AvhOj at post-mortem examination, shoAV moderate or 
extreme calcification of the aortic vmlve cusps and no disease of the 
mitral valves. After a consideration of all the laroAvn factors relating 
to etiology, most of the above authors have reached the conclusion that 
the cardiac lesions are probably rheumatic in type, with subsequent 
arteriosclerotic clianges, Imt recognize that the question of etiology has 
not been answered Avith entire satisfaction. In the present paper Ave 
refer to this type of aortic stenosis as arteriosclerotic or calcareous for 
the sake of uniformity and brevity, but it is our belief that the etiology 
is yet uncertain. Of our first seven eases, six patients Avere forty-five 
years of age or less, and all presented unequivocal clinical signs of rheu- 
matic heart disease. Even if the remaining four cases be regarded as 
also primarily rheumatic, it is quite possible that the signs" and symptoms 
Avere not due to the original lesions, but rather to calcareous changes 
that occurred only after the passage of many years. The point might 
seem of purely academic interest were it not for a possible difference in 
the symptomatology of tlie two groups. In tlie cases here reported, for 
instance, sudden death occurred in all of the seven rheumatic patients 
and sjTicope in but one of them. Camjibell and Shaclde^® also found a 
higher incidence of syncope in the cases of atheromatous aortic stenosis 
than in those of rheumatic tyjie. 

A brief summary of the significant facts relating l.o these eleven 
patients is contained in I’able T. It Avill be observed that nine died Avith 
extreme suddenness, and four of these had no heart failure at the time; 
another (Case 2) had no symptoms except slight dyspnea on exei'tion, 
and was apparently better than lie had been for many months. The re- 
maining four (Cases 3 to 6) had slight or advanced congestive heart 
failure but Avere^no Avorse on the day of death than they had been for 
days or Aveeks; in fact, one of them Avas apparently improA-ing steadily. 
Autopsy in three cases failed to reveal any adequate cause for the sudden 
death; in one the cause Avas thought to be complete thrombotic closure of 
the narroAved aortic orifice. In five of tlie eleven patients, repeated faint- 
ing spells constituted the chief symptom; in all of these, syncope oc- 
curred chiefly or only in association Avith physical exertion. It has al- 
ready been mentioned that four of these five had the calcareous type 
of aortic stenosis. One of them lived for approximately tAvo years after 
the onset of syncope, tAVO for about three years, and one for six years. 
Three of these five died suddenly, one of the rheumatic and tivo of the 
arteriosclerotic group. 

Such, briefly, are, the known facts relating to these patients. The prob- 
lems Avhich they present are the tAvo indicated in the title of the paper: 
Avhy are they subject to sudden prolonged loss of consciousness Avhile 
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carrying on slight pliysical exertion, and wliy do many of them die with 
extreme suddenness when apparently quite well? It is perhaps im- 
possible, on the basis of tlie imperfect and inadequate evidence now avail- 
able, to arrive at an acceptable answer, but the possibilities may be in- 
dicated brielly. TIjosc relating to the suddenness of death will be con- 
sidered first. 

Sudden Dcflf/i,— -Embolic closure of a large artery (coronaiy, pul- 
monary, or cerebral) is one of the first possibilities that comes to mind 
in cases of sudden death, but there arc many reasons for believing it in- 
acceptable as an explanation in the patients }iow under consideration 
In most of tliese, auricular fibrillation is not present, and aortic stenosis 
in itself does not provide any unusual opportunity for the formation 
of intraeardiac tlirombi. j\Ioreover, deatli caused hy large emboli is 
seldom as instantaneous as that in the patients here presented; almost 
invariably it is delayed for at least several minutes after the occurrence 
of the vascular accident, and in many instances the patients give some 
indication of the location of gi’catest distress bj' clutching at the chest, 
gasping for breath, etc. Apparently the i^atients wlio liave aortic stenosis 
die in seconds rather than minutes, and the abruptness of the termina- 
tion strongly resen)blos that sometimes observed in anginal patients or 
in those who have recently sustained myocardial infarction. A final, 
and in itself conclusive, argument against the acceptance of the embolic 
theory is found in the fact that post-mortem examination lias not re- 
vealed such an embolus in any reported case, and it is impossible to 
believe that one large enough to cause immediate death could be in- 
variably overlooked by pathologists. 

Sudden occlusion of the small aortic orifice by a blood clot formed 
in situ is a possibility that would seem incredibly remote had it not been 
demonstrated in one case previously reported'' and in Case 6 of the 
present group. It would seem almost impossible that a blood clot could 
form in an orifice constantly exposed to the full force of left ventricular 
contraction, and it is probable that in both of the knomi cases there 
was extreme wealcncss of the left ventricle at the time tlie thrombus 
formed. There is of course the possibility that in both the clot was a 
post-mortem one and had no causal relation to the sudden death. Even 
if one accepts these two as conclusive, however, it remains true that the 
great majority of recorded cases have failed to show thrombotic closure 
of the aortic orifice, and this must be regarded as a rare event. 

Interference with the coronary circulation by distortion of the orifices 
of these arteries, with subsequent thrombotic closure of a large brairch, 
might explain the suddenness of death in some instances, but in most 
it cannot be regarded as the explanation because careful search post 
mortem in a number of cases has failed to reveal any such lesion. More- 
over, increasing experience with patients who have suffered coronary 
arterial thrombosis indicates that death from this cause is seldom in- 
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stantaiieous at the time of the initial closure; it is far more liable to 
occur after a few minutes, several hours, or several days. , 

That abrupt death cannot be satisfactorily explained on the basis of 
mechanical narrowing of the aortic oi'ifice is sufficicntlj' indicated by two 
considerations. It has long been known that patients with extreme 
stenosis of this orifice may live for months or years in comparative com- 
fort and even carry on fairly strenuous physical activity; this is a 
matter that has received widespread comment. Moreover, many patients 
with aortic stenosis h.ave died not abruptly, l.nit in the usual slowly pro- 
gressive fashion characteristic of congestive heart failure, even though 
the aortic opening was much smaller than in others who died suddenly. 
If the mechanical narrowing were important, one would expect a certain 
parallelism between extreme degrees of stenosis and the tendency to 
die suddenlj'. In some of the eases reported by Margolis and his asso- 
ciates the degree of stenosis was so slight that it was not recognized 
clinieallj’’, yet death occurred with extreme .suddenness. 

It is possible that the size of the heart may be of some importance 
in determining whether or not sudden death will occur. It is certainly 
true that in the group here reported enlargement of the heart was much 
gi’eater in those patients who died suddenly than in the others. If one 
adopts the view that death in such cases is due to the onset of ventricular 
fibrillation, there are observations suggesting that this is more liable to 
occur in large hearts than in small ones.^®’ Whether or not this sug- 
gestion applies to the cases reported by Cabot, Margolis, and Willius 
cannot be ImoAvn because the degree of enlargement of the heart is not 
stated by these authors. 

There is as yet no clear proof that the cause of death in these patients 
is the same as that of syncope; it is at least conceivable that they are 
due to entirely separate and unrelated causes, and do not represent 
simply major and minor reactions to the same stimulus. It is natural and 
proper, however, to assume for the moment that sj^uicope and sudden 
death may owe their origin to the same mechanism, and the events in our 
Cases 7, 10, and 11 would appear to lend strong support to this view, 
for in all of them death occurred suddenly after a long series of sjmcopal 
attacks, and one of these patients died during a seizure which seemed 
typical of all its predecessors. The evidence afforded by this one case 
is actually of the greatest value, for the circumstances of the last few 
moments of life are knomi accurately, and he had been the subject of 
careful preceding observations. To state that death occun-ed in one 
instance during, or at the termination of, a tj^iical sjmeope is to 
imply that a common cause might have been responsible for both loss of 
consciousness and cessation of life. 

This implication leads directly to the consideration of hyperactivity 
of the carotid sinus reflex as a cause of death — a possibility that was un- 
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recognized by us during the study of our first ten cases. Tiie fainting 
in many of these patients is apparently quite similar to tliat. attributed 
by numerous observers to this reflex, and the wliole series of ante- 
mortem observations in Case 11 can be duplicated in several of the eases 
reported in the admirable and careful study of Weiss and Baker.-' 
There is, however, one major difficulty in accepting hyperactivity of 
this reflex as the cause, namely, that death has not occurred suddenly in 
any rcpoiled patients known to have hyperactivity of this reflex. 
Weiss-- states that none of the patients observed by him have died in a 
manner that could be attri1)uted to the carotid sinus mechanism, and 
that the spontaneous syncope in their patients was of brief duration. 

We are not prepared as yet to aelmowledgc that this difficulty is suf- 
ficient to exclude the carotid sinus reflex as a cause of death, for on 
theoretical grounds it would seem highly ])robable that death might re- 
sult from a mechanism capable of causing profound vasomotor changes 
and extensive alterations in the cardiac mechanism. Further observa- 
tions alone can solve the problem, but in tlie present state of our knowl- 
edge it seems well to suggest that death in the pi'csent group of cases 
might have been due to hyperactivity of the carotid sinus reflex in 
patients who had aortic stenosis also. 

From tliis brief consideration it seems reasonably clear that the cause 
of sudden death in a great majority of these patients is not to be found 
in embolism, throm]30sis, or mechanical narrowing of the aortic orifice. 
It is our belief that the cause is probably either (a) the combination 
of aortic stenosis and hyperactive carotid sinus reflex, or (b) the same 
mechanism that terminates life in many patients who have anginal heart 
failure or who have sustained recent thrombosis of a coronary artery. It 
seems to be the prevailing opinion that this mechanism is dependent up- 
on the onset of ventricular fibrillation or upon a depressor reflex other 
than that involving the carotid sinus, but conclusive evidence of its 
precise nature is jmt to be obtained. 

It will be observed that six of our first seven patients had mitral 
stenosis in addition to aortic stenosis and insufficiency, and the question 
naturally arises as to its possible relation to the sudden death. That 
this lesion is almost certainly unimportant in the group of cases now 
under discussion is indicated by two facts : (1) In cases of mitral stenosis 
and insufficiency without evidence of aortic valve damage, sudden death 
during the maintenance of regular cardiac rhythm is exceedingly rare. 
When auricular fibrillation has been added, unexpected and fairly rapid 
death occurs not infrequently as a result of eei’ebral or pulmonary 
embolism. In a fairly extensi%^e experience with cases of mitral stenosis, 
we have never Imown an example of the type of death discussed in tliis 
paper. Cabot® lists two patients of his 107 eases of mitral stenosis as 
having died suddenly, but the details of these cases show that one patient 
lived for five days after the onset of unexplained coma, and the other 
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lived for some hours after becomiug uneonseious; this is not the type 
of “sudden” death with which we are here concerned. (2) The majority 
of recorded cases of sudden death have been in patients who did not have 
mitral stenosis as sho^Yn by autopsy; this was true of all those reported 
by Cabot and by Margolis, and of three cases (Nos. 4, 6, and 11) of the 
present group. 

A more important question, and one that will inevitably be asked, is 
why we are warranted in assuming that the sudden death in these 
patients is related to the aortic stenosis rather than to the aortic in- 
sufficiency. It is difficult to answer this vdth convincing certaintjq but 
there are several reasons which appear to indicate that it is the obstruc- 
tion rather than the regurgitation which is the important factor. It is 
realized that many obseiwers during the past century have referred to 
the suddenness of death sometimes associated with aortic insufficiency 
or, more frequently, with the indefinite lesion designated “aortic valve 
disease. ” It is often impossible, in the case of the earlier writers, to as- 
certain whether the lesion in their cases was stenosis or insufficiency or 
both. Even when it is clear that aortic insufficiency was present without 
stenosis, it is probable that in many instances the etiologj’- was syphilis. 
In the absence of more precise studies and more detailed descriptions, one 
cannot be unduly influenced by general statements without known 
foundation; we have been unable to find any satisfactoiy evidence to 
warrant the belief that nonsyphilitic aortic insufficiency without stenosis 
is a cause of sudden death or frequent sjuicope. It is our belief that 
sudden death of patients with aortic insufficiency Avithout stenosis occurs 
with extreme rarity except in one clearly defined pathological state, 
namely, syphilitic aortic insufficiency. That it does occur at times in 
this condition is undoubtedly true, but its frequency has possibly been 
exaggei’ated. It is pertinent to indicate in this connection that no patient 
of the present group had any evidence of sjqihilis; that is true also of 
the cases reported by Cabot, by Margolis and his collaborators, and 
presumably, though not certainly, true of the cases reported by Willius. 
Three patients of the four cases of sudden death reported by Campbell 
and Shackle^® did not have syphilis. 

If one considers examples of aequii'ed aortic insufficiency due to all 
causes other than s^qiliilis, it is more difficult to make a posith'e state- 
ment. It seems probable that there are but two other gi'oups; the rheu- 
matic group, in Avhich the aortic lesion is almost ahvays associated Avith 
mitral stenosis, and the arteriosclerotic-hypertensive group. The rheu- 
matic group is discussed later in some detail and need not be mentioned 
further at this point. Tlie other group is far smaller and less avcU de- 
fined; its existence is actually denied by some competent observers, but 
there can he no question that a small proportion of middle-aged or elderly 
people Avho have arteriosclerosis AAuth or Avitliout hypertension, do present 
clinically an unmistakable diastolic murmur at the base of the heart and 
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beneath the stenium. Very often the usual peripheral vascular signs 
associated with aortic regurgitation are absent, but sometimes these too 
arc present. Signs of mitral stenosis are entirely lacking.® The group 
is too small to be of importance, and we have no figures comparable witli 
tliose given below. Of the last 123 patients dying in this hospital as a 
result of tlie arteriosclerotic type of licart disease, only five had physical 
signs of aortic insufficiency during life. None of these died suddenly. 

The fact that those who have reported previous cases have emphasized 
the stenosis rather than the insufficiency as the cause of sudden death is 
probably quite without importance, because the diagnosis in their cases 
was based on autopsy findings; the anatomical lesion in such patients 
is stenosis, and the presence of regurgitation during life is deduced, not 
demonstrated. Both Cabot and Margolis state that insufficiency mnM 
have been present in their cases; the absence of physical signs of this 
condition during life is a point of no value whatever in view of the fact 
that signs of aortic stenosis were not found during life in many of 
Cabot’s cases, and were described in only two of jllargolis' cases. Grant- 
ing that their patients liad clear post-mortem evidence of stenosis and 
insufficiency, it becomes impossible to assert, on the basis of these cases 
alone, that death was due to one rather than to tlie other. Evidence must 
be sought in analogous cases, and tliis is attempted briefly in the para- 
gi’aphs that follow. 

Conclusive observations bearing upon this point could be obtained 
readily if there were comparable groups of patients having “pure” 
aortic insufficiency and “pure” aortic stenosis. Tlie first group is avail- 
able in those who liave syphilitic imulvement of the aortic valves, but 
the second is so small as to be negligible, because almost all patients with 
aortic stenosis have insufficiency also. It has therefore seemed to us 
that the most decisive evidence was to be derived from a comparison of 
two groups of patients, the first having mitral stenosis and aortic in- 
sufficiency, the second having these same lesions plus aortic stenosis. In 
such a comparison, we are dealing with two groups as nearly identical 
as possible with respect to age, sex, etiological factors and anatomical 
damage; the onl.y important diffei’cnce between them is the jiresencc 
of aortic stenosis in one group and its absence from the other. If nar- 
rowing of the aortic orifice is actually the important lesion in I'clation 
to sudden death, there should be a notable difference in the two series.! 


do not wish to be understood as expressing’ tlje opinion that aortic 
in these patients is due to arterioseierosis. We regard the etiology as uncertain, 
realizing that it may be rheumatic. 

tWe are in agreement with Cabot that rheumatism tends to cause stenosis (ns 
well as insufficiency) in the case of both mitral and aortic valves, and recognize that 
it is merely a later stage of a single disease process. And while it is clear that aortic 
stenosis is* frequently overlooked during life, even by careful examiners, we are not 
wholly in agreement with his statement that physical signs of rheumatic aortic insur- 
flciency Justify the assumption that aortic stenosis is present also. His rule could 
doubtless be applied with greater accuracy to hospital patients with congestive heart 
failure than to the large group of living patients who have no symptoms referable to 
the heart. It seems clear that there must be a stage in the pathological process when 
insufficiency is present without demonstrable narrowing of the orifice. 
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We have therefore reviewed our records, both of hospital and of 
private cases, and have divided them into two such groups. We have 
been careful to exclude all cases of syphilitic heart disease, all cases 
of mitral stenosis without signs of aortic involvement, all cases of aortic 
lesions without signs of mitral involvement, and all cases among elderly 
people having arteriosclerosis and hypertension, in which the etiology of 
tlie heart disease might he questioned. During the period represented 
by the eleven cases here reported, we have observed a total of 108 eases 
in Group I (mitral stenosis and aortic insufficiency), and 64 cases in 
Group II (mitral and aortic stenosis and insufficiency). Of these, 30 
patients are Iniomi to have died in Group I, and 36 in Group II. Not 
one of the deaths in Group I was of the sudden, unexpected type, while 
9 in the other group were of this type (tlie nine cases' reported in the 
present paper). One patient in Group I died quite rapidly, but this 
patient had subacute bacterial endocarditis and had suffered repeated 
embolic accidents; the clinical signs preceding death were those of 
cerebral embolism, and this diagnosis was confirmed by autopsy. 

While the evidence with respect to this ])oint cannot be regarded as 
absolutelj' conclusive on the basis of such a small number of cases, it seems 
nevertheless to lend strong support to the belief that aortic stenosis is 
the most important lesion predisposing to unexpected and practically 
instantaneous death. We have ah’eady indicated our agi’eement with 
the opinion that acquired aortic stenosis without insufficiency is a rela- 
tively rare condition, and the above statement should not be regarded as 
necessarily applying to this small group. It is perhaps clearer to say 
that in our opinion sudden death is unlikely to occur in cases of rheu- 
matic heart disease without aortic stenosis, but is quite liable to occur 
in rheumatic heart disease with aortic stenosis, as well as in the older 
patients with aortic stenosis of the calcareous type. 

Syncope . — The consideration of s^mcopc and its probable cause in 
these patients is rather unsatisfactory. We have been unable to find 
any study of this symptom in relation to aortic stenosis, and but one de- 
tailed report of a case which falls clearly into the group now under dis- 
cussion. In that case, reported by Smith,’-'’ the close and invariable asso- 
ciation of transient syncope with physical exertion seems, at first glance, 
sufficient to warrant the explanation that he gives, namely, temporary 
ccrebi’al anemia due to inability of the left ventricle to force sufficient 
blood through the narrow aortic orifice. In three of our five cases it is 
tempting to advance a similar reason, but there arc several character- 
istics of the syncopal attacks that are not satisfactorily explained on this 
basis. In the first place, syncope occun'cd in four of our patients during 
quiet walking along a level street, and, Avhat is particularly significant, 
occurred only infrequently. The.sc patients could walk quite freely most 
of the lime without any disturbance, but occasionally would lose con- 
sciousness without warning. In the second place, one of our patients 
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(Case i) sometimes lost eoiiscioasuess when she Avas standing oi* sitting; 
tliis oeenrred more often just after meals, but sometimes hours later. 
In the third place, it is difficult to understand Avhy cerebral anemia de- 
pendent upon exertion should iiroduce unconsciousness lasting for thirty 
minutes or even for several hours. In only one of oim five cases (Case 8 ) 
Avas there any relationship betAveen the severity of the physical exertion 
and the occurrence of s.yncope; in the other four, fainting Avas just as 
liable to occur after slight as after more strenuous exertion. It seems 
clear that exertion is an important factor in most eases, but it is far from 
eci'tain that it is the only one. 

That the loss of consciousness in these jiatients is due in all'likeliliood 
to cerebral anemia seems evident enougli to require no extended argu- 
ment; in none of them aa’us there anj’^ suspicion of epilepsy; in none 
hare generalized convulsions CAmr been observed. Transient complete 
heart-block, Avith Stokes-Adams attacks during the maintenance of the 
block, is elearlj^ inadequate to explain the s 3 unptoms; the loss of con- 
sciousness is far longer than that in Stokes-Adams seizures; the electro- 
cardiogram betAAmen S3mcopal attacks has shoAAm normal mechanism in 
fora* of our five eases and in the one reported by Smith; and in at 
least tAA'o instances the heart rate has been counted AAfiiile the patient was 
unconscious, and it AAms but moderateh^' reduced. 

Can the S3uieope be regarded as similar to that occurring in circum- 
stances attended Avith considerable emotion — the fainting of people Avho 
AAutnoss gruesome accidents, aa’Iio see tlie AAuthdraAAml of blood or surgical 
operations for the first time — ^the so-called vasovagal s3mcope? It seems 
highly doubtful, because the inciting cause in these patients appears to 
be ph3mieal exertion rather than an emotional influence, and because the 
duration of unconsciousness is far greater tlian in vasovagal syncope.’' 

Transient ventricular fibrillation as a cause of the fainting is rendered 
unlikely by several observations : tlie almost invariable association Avith 
effort, the long duration of unconsciousness, the absence of significant 
cardiac S3"mptoms betAveen the episodes of fainting, and the frequent 
repetition of syncope in some cases for long periods of time. Our pres- 
ent ImoAvledge of ventricular fibrillation scarcely permits the assumption 
that it could manifest itself in this fashion repeatedly over a period 
of six year’s, as in our Case 7, or three and a half 3 ’'ea.rs as in Case 11. 

Hyperactivity of the carotid sinus reflex, already discussed briefly 
as a possible cause of sudden death, AAmuld seem to be even more likcl3’’ 
as a cause of the s3areope. From a ph5''siological standpoint the circum- 
stances attending the loss of consciousness in the eases here reported 
are such as to justify tire assumption that the sinus Avas stimulated by 
the rise of pressure in the carotid artery due to exertion. There is reason 
to believe that the effects of this normal stimulus AAUuld be similar in 

•LeTyis^ suggests that the vasovagal seizures may be set up through the same cen- 
tral and efferent mechanism "which taltes part in the carotid sinus reflex. 
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type to those following artificial stimulation; these have been lucidly 
portrayed by Weiss and Baker-^ and need not be discussed at this point 
further than to indicate that faintness, dizziness, loss of consciousness, 
and eoimilsive movements are among the most constant symptoms re- 
sulting from direct artificial stimulation. The episodes of fainting il^ 
our patients appear to be similar to those reported as occurring after- 
such stimulation of the carotid sinus in normal individuals, and the 
entire series of events in our Case 11 may be duplicated in several of 
those reported by Weiss and Baker.* There are, however, two obvious 
objections to immediate acceptance of hyperactivity of this reflex as the 
cause of fainting : one is that syncope due to deliberate stimulation of 
the sinus is usually of brief duration, whereas in several of our patients 
it lasted for a long time; the other is that the only instances of fainting 
of this type (occurring in association with moderate exertion, in the ab- 
sence of such causes as organic disease of the central nervoiis system, 
epilepsy, anemia, marked hypotension, great physical wealuiess, emo- 
tional disturbances, etc.) obsenmd by us in the past several years have 
Ijccn in patients with aortic stenosis. The second objection is probably 
more apparent than real, and further experience will doubtless remove 
it, although it is conceivable that stimulation of the carotid sinus reflex 
may occur more readily and lead to more profound and lasting effects 
in patients with aortic stenosis than in others. As to the first objection, 
we recognize that our statements about the duration of unconsciousness 
arc open to question; we have relied upon the observations of relatives 
of the patients, and these may have been inaccurate. Of our five cases, 
the s;smeope was of relatively brief duration in three, and in the other two 
also most of the time, but in these two the unconsciotisness is said to have 
lasted from thirty minutes to two hours on several oecasions. How- 
ever, even if this statement be accepted as accurate, it seems to us prob- 
able that the duration of luieonsciousness might well be longer in pa- 
tients whose aortic orifice is gi-eatly reduced in size, for this would tend 
to lessen still further the cerebral blood supply, already reduced by vaso- 
constriction. 

The evidence as a whole is not absolutely conclusive, but is such as 
to lead us to suggest that hyperactivity of the carotid sinus is the prob- 
able cause of the syncope in patients who have aortic stenosis. Direct 
stimulation of the carotid sinus in individuals similar to those recorded 
here -wall supply much evidence; it is unfortunate that this was not per- 
formed in our patients, but we were not familiar with the efi'cets of this 
procedure in man until our last patient was under observation, and he 
refused to submit to it. 

It is possibly worthy of note that of the five subjects who had syn- 
cope, only one presented the clinical signs of free aortic regurgitation. 

*11 is not clear in their cases liow close the association between phvsical exer- 
tion and syncope: of the twelve cases of spontanoons falntinp, exertion was apparent- 
ly related in throe, not related in three, and questionable in six. 
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examination failed to reveal an apparent cause for the sudden death in 
three cases; in one, the narrowed aortic aperture was completely closed 
by a thi-ombus thought to have formed during life. 

Five of the eleven patients were subject lo sudden and unexpected 
loss of consciousness associated with slight or strenuous physical ex- 
ertion. In three of them the unconsciousness lasted from three to ton 
minutes; in the other two for much longer periods. Three of those 
subject to syncope died very suddenly and the others of progressive 
heart failure. 

The possible causes of sudden death and of syncope, and their pos- 
sible relationship to aortic stenosis, are discussed briefly. The present 
evidence does not justify flnal conclusions, but it is suggested that sud- 
den death may be due to hyperactivity of the carotid sinus reflex as- 
sociated with aortic stenosis, or to the same mechanism that terminates 
life in patients suffering from anginal heart failure or recent myocardial 
infarction. The relationship between aortic stenosis and sjmeope is not 
clear in most instances, but the available evidence does not support the 
belief that fainting is due to cerebral anemia dependent upon inability 
of the left ventricle to force sufficient blood through the stenotic orifice. 
It is far more probable that loss of consciousness is due, in many in- 
stances at least, to hyperactivity of the carotid sinus reflex or to a reflex 
involving the same central and efferent pathways. The widespread im- 
pression that syncope is often a symptom of aortic insufficiency we be- 
lieve to be erroneous. 

Prom the standpoint of prognosis it is of some importance to realize 
that patients with aortic stenosis may die unexpectedly and with ex- 
treme suddenness. How frequently sudden death occurs in those sub- 
ject to syncope cannot be stated on the basis of the present small group. 

SUPPLEMENTARY NOTE 

After this paper was written, Di'. Maurice Camiibell of London was kind enough 
to send us full details of several of his cases, and with his consent two of them are 
briefly summarized herewith. 

C.\SE 1. — A man of forty-six years had been well until January, 19.30, when he com- 
plained of having to sit down frequently because of dizziness at Ids work. He had 
sometimes fainted but had not suffered from dyspnea. There was no substcrnal 
discomfort or pain, but a sensation as if the chest were fixed in position. 

He had had rheumatism for five weeks in childhood. In August, 1929, his chest 
was squeezed against a truck when a heavy sack of grain fell upon him; he thouglit 
his ribs were fractured, but x-ray examination was negative. 

Physical examination in April, 1930, showed the apex impulse of the heart to bo 
one inch outside the mammary line. There was a coarse .systolic murmur and thrill 
in the aortic area, and the aortic second sound was inaudible. No diastolic mur- 
mur was hoard. Blood pressure was 140/70. There were no signs of congestive heart 
failure. Kahn and Wassermaun reactions were negative. 

Despite the advice of his attending physician, he insisted upon doing he.avy 
physic.al work, and on the day of his death was engaged in digging a drain. Wlien 



734 


THE AMERICAN HEART JOURNAL 


Wcyclmg home from work in December, 1931, he died suddenly. An autopsy was per- 
formed in a neighboring house j the essential finding was extreme stenosis of the 
aortic orifice, which was almost totally closed. There was marked calcification of the 
cusps. There was a healed tuberculous nodule at tlie apex of the left lung and a 
cystic left kidney; otherwise there was notliing of interest. (The photographs sent 
by Dr. Campbell show that tJie aortic orifice was just large enough to admit a small 
probe.) 

Case 2. A rvoman of forty-two j'ears who was admitted to the hospital on 
June 20, 1931, complained of breathlessness, fatigue and loss of weight. She had 
been subject do syncopal attacks for three years, and syncope preceded the usual 
symptoms of congestive heart failure. Her past history disclosed no illnesses of im- 
portance other than scarlet fever at the age of seventeen years. 

At the time of admission she presented the usual signs of advanced congestive 
heart failure, but ■without ascites or hydrothorax. Tiie heart was enlarged and 
presented a systolic thrill in the aortic area, and systolic and diastolic murmurs. 
Tliere was gallop rhytlun at the apex. The systolic blood pressure was 105; the 
diastolic indeterminate. The electrocardiogram showed normal sinus mechanism 
with left axis deviation. Ortlvodiagram showed enlargement of the left ventricle; 
the transverse diameter of the heart was 14.5 cm. and that of the thorax 22 cm. 

The patient responded splendidly to the administration of digitalis and salyrgan. 
Jnst as she was about to start getting up, she died very suddenly in syncope. Post- 
mortem examination showed the aortic valve reduced to a very small slit. The cusps 
were calcified and absolutely rigid. The mitral and ti-icuspid valves -were normal, 
as were the coronary arteries. There was great hypertrophy of the left ventricle. 

Dr. Campbell adds the comment that death in this case -was absolutely sudden 
and unexpected, and that he believes it to be not uncommon in tliis type of aortic 
stenosis. 

The authors -wish to express their warm thanks to Dr. Maurice Campbell for his. 
kindness in permitting the inclusion of his cases, and to Dr. Soma Weiss for Ms 
helpful comments. 
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FURTHER EXPERIENCES WITH TOTAL THYROIDECTOMY 
IN THE TREATMENT OP INTRACTABLE 
HEART DISEASE^' 

Samuel A. Levine, M.D., and Eugene C. Eppinger, M.D. 

Boston, Mass. 

QINCE it was first suggestecP that the removal of a normal thyroid 
^ gland might be helpful in the treatment of intractable chronic 
heart disease, a sufficient time has elapsed to permit of at least a 
preliminary review of its value. This present analysis will be confined 
to eases which were treated at the Peter Bent Brigham Hospital. The 
first twelve sueli cases were previouslj^ reported,' and some follow-up 
notes of these will be discussed below. The main purpose is to report 
thirty additional cases in which the normal thyroid gland was com- 
pletely removed and to evaluate the results obtained. 

RE^^EW OP CASES PREVIOUSLY REPORTED 

In the first two cases a subtotal tliju-oideetomy was performed. 
When it was found® in some cases that clinical improvement was tem- 
poi’aiy, it was thought that the remaining tissue had regenerated, and 
therefore complete removal of the gland was practiced thereafter. 
These fii'St twelve patients were suffering from far advanced cardiac 
disease. It seemed only justifiable to try out a new procedure in hope- 
less cases when life was practicallj’' intolerable. The therapeutic re- 
sults must be viewed with this in mind. 

Case 1, (Med. No. 37G79.) Female, sixty-one years old. Diagnosis: liyper- 
tensive heart disease, auricular fibrillation and extreme congestive failure. Opera- 
tion; subtotal tli 3 'roidectomy June 27, 1927, by Dr. F. C. Newton. Patient made an 
extraordinary and unexpected improvement, remained ambulatorj' and in good healtl 
and free from all congestion for about four years. She died with congestive heart 
failure on January 16, 1932. 

Case 2. (Med. No. 40910.) Male, fifty -three years old. Diagnosis: hypertension 
and angina pectoris. Subtotal thyroidectomy was performed on June 15, 1932, by 
Dr. John Homans. The anginal attacks rvere slightly improved. He died of angina 
pectoris on January 12, 1934. Tire result lierc was not satisfactory. 

Case 3. (Med. No. 42478.) Male, fortj'-thrce years old. Diagnosis: thrombo- 
angiitis obliterans, hypertension with both congestive failure and angina pectoris, 
cirrhosis of liver (?), thrombosis of portal vein (?). Total tlyroideetomj' was per- 
formed December 14, 19.32.t Tlie anginal attacks disappeared entirely for about six- 
months and were only rare thereafter. Dyspnea and recurrent ascites developed, the 

•Prom the Medical and Surgical Clinics of the Peter Bent Brigham Hospital, Bos- 
ton, Mass. 

tThis and all subsequent operations were performed by Dr. E. C, Cutler, surgeon- 
in-chlef of the Peter Bent Brigham Hospital. 
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entire course being rather atypical. He died on September 7, 1932. Post-mortem 
examination showed tlirombosis with almost complete occlusion of the abdominal aorta 
and extreme sclerosis with tendency to occlusion of almost all the arteries of the 
body. Ho thjToid tissue remained. The result in this case was excellent for angina 
pectoris during the nine months of his life. 

Case 4. (Med. No. 39768.) Female, sixty-one years old. Diagnosis: hyperten- 
sion, severe angina pectoris, moderate congestive heart failure, and previous coronary 
thrombosis. Operation February 4, 1933. There was complete relief of angina for 
five months when a second attack of coronarj- thrombosis occurred. Since then angina 
has recurred infrequently. Tlie element of dyspnea is slightlj' ameliorated. Fifteen 
months after the operation the result can be considered satisfactory. 

Case 5. (Med. No. 41570.) Male, sixty-one years old. Diagnosis: chronic myo- 
carditis, complete lieart-block, auricular fibrillation and marked congestive failure. 
Operation March 9, 1933. Improvement was marked. Patient remained ambulatory 
and comfortable for four months. Ascites then developed and he died August 27, 
1933. Post-mortem examination showed fibrous myocarditis and cirrhosis of the 
liver. Tlie result here, though of short duration, was excellent, for a bedridden cardiac 
patient requiring frequent chest taps was made comfortable and ambulator}- for some 
months. 

Case 6. (Med. No. 40453.) Female, forty years old. Diagnosis: mitral and 
aortic stenosis and insufficiency, auricular fibrillation, calcification of pericardium and 
marked congestive failure. Operation April 7, 1933. This patient’s life, which had 
been quite miserable for a few years so that she was in hospitals practically all the 
time, was slightly improved. She is still alive thirteen months after operation but 
is invalided. 

Case 7. (Med. No. 42742.) Male, seventy years old. Diagnosis: coronary 
thrombosis (recent), marked congestive failure. Operation April 11, 1933, while he 
was practically moribund. Died the following day. Post-mortem examination showed 
occlusion of the left coronary artery and aneurysm of the left ventricle. It was an 
error to have operated on such a patient. 

Case 8. (Med. No. 42822.) Male, fifty-three years old. Diagnosis: mitral 
stenosis, auricular fibrillation, marked congestive heart failure. Operation May 19, 
1933. There was slight apparent improvement for a few months. He gradually 
failed and died on October 8, 1933. Post-mortem examination showed calcified 
stenosis of mitral and aortic valves. Three small bits of thyroid tissue were found, 
weighing about one gram. 

Case 9. (kled. No. 43101.) Male, forty-five years old. Diagnosis: mitral 
stenosis, auricular fibrillation, cirrhosis of liver. Operation May 26, 1933. Improve- 
ment was only very slight. He died September 22, 1933, two days after an ex- 
ploratory pericardiotomy. Post-mortem examination showed marked mitral stenosis 
and ‘ ‘ Zuckergussleber. ’ ’ 

Case 10. (Mod. No. 42229.) Female, twenty-nine years old. Diagnosis: mitral 
stenosis, auricular fibrillation, chronic nephritis and marked congestive heart failure. 
Operation June 5, 1933. Improvement was very slight. She required several hos- 
pital readmissions, although she was able to lie flat — which was impossible before 
operation. She died on March 21, 19.34. 

Case 11. (!Mcd. No. 432a9.) ^[ale, fifty -nine years old. Diagnosis: syphilitic 
aortitis, aortic insufficiency, angina pectoris and cardiac asthma. Operation July 7, 
1933. There was complete freedom from anginal attacks which previously were fre- 
quent and most severe. He died at home in an attack of acute pulmonary edema 
on .Inly 26, 1933, after a few days of noctunial dyspnea. 
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Case 12. (Med. No. 43307.) Colored male, forty-three years old. Diagnosis: 
hypertensive heart disease, aurieular fibrillation with marked congestive failure. 
Operation August 3, 1933. Now, ten months after operation the patient is ambula- 
tory and leading a life of moderate acth'ity. The improvement here seems extraor- 
dinary considering tlic grave, refractory preoperative condition. 

In judging the value, of the results obtained in the first twelve cases 
and also in those to be reported below, there are various considerations 
that need to be taken into account. In the first place, one must ascer- 
tain whether improvement took place either in the elements that make 
up the picture of congestive heai’t failure or in the frequency and 
severity of the anginal attacks. These are the two purposes for which 
the operation is intended. A second question which arises is whether 
any significant harmful effects resulted from the operation. Finally 
one might rightfull}'- ask whether improvement, if it occurs, is worth 
while. The severity of the diseases with which these patients were 
suffering is clearly indicated by the fact that six of the nine patients 
who survived total th3woidectomy died of heai*t disease Avithin nine 
months. The first tAvo patients Avith subtotal thj’Toidectomj’- survived 
four and one-half and one and one-half years respectively. There 
Avere three Avho are still alive, sixteen, fourteen, and ten months after 
total thyroidectomy. One of these three is bedridden; although her 
life is probably prolonged, her impoverished economic state has made 
the suiwival period a great burden to her and to those earing for her. 
The careful analj'-sis of the preoperative and postopei’ative events shoAvs 
that some improvement, though occasionally only slight, took place in all 
instances. The adAmnced stage of the undeidying pathological proc- 
esses did not permit most of these patients to enjoy the improvement 
for any great length of time. The fact that any improvement could 
occur and that a feiv Avere rendered ambulatory after IiaA'ing been bed- 
ridden previously gave us courage to continue this Avork. In the fol- 
loAving cases, hoAvever, an attempt Avas made to select somcAvhat moi*e 
hopeful patients. 

SELECTION OP CASES 

In the selection of cases there are a fcAV fundamental principles 
AAdiich, in the present stage of this AVork, are directly applicable. No 
patient should be subjected to this operation Aidio is able to carry on 
his occupation. Furthermore, if the patient is unable to work, but his 
financial status permits him to lead a life of leisure, proAuded he is 
comfortable, operation Avould not be adAUsed. It is obvious that the 
economic and social status of the individual plaj’^s an important role 
in selection. If a man has angina pectoris and either gets adequate 
relief bj' taking nitroglycerin or is able to lead a life AAdiich aA'oids 
attacks, he Avoukl not be considered a suitable case. On the other hand, 
if tlie same man had to do some Avalking AAdiich was necessary in his 
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daily work and lie was dependent upon this for a livelihood, operation 
would be recommended with the hope of economic rehabilitation. 
There is as yet no evidence to show that the operation prolongs the 
life of a patient with angina pectoris, and therefore it cannot be recom- 
mended with this in view. In fact, as will be seen later, subsequent 
coronary thrombosis has not been prevented by total thyroidectomy. 
It follows, therefore, that in a patient with angina pectoris the specific 
criteria to help in the selection of suitable cases are the frequencj'’ and 
severity of attacks and to what extent they are making life intolerable. 
So far, the level of the blood pressure, the history of previous coronary 
thromboses or the presence of abnormalities in the electrocardiograms 
have not been significant factors in our selection. If the attack of 
coronary thrombosis was very recent, a sufficient time should have 
elapsed to permit one to judge ivhether recurrent anginal attacks will 
be troublesome or not. 

AVith regard to selection of cases with congestive heart failure, the 
problem is more difficult. There are some obvious contraindications 
to the operation, i.e., bacterial endocarditis or active rheumatic carditis. 
It is not known that infectious of any sort would be materially helped 
by this procedure. A further contraindication is an accompanjung 
renal insufficiency not dependent upon simple passive congestion of 
the kidneys. Likewise cin-hosis of the liver presents a real handicap. 
It may be difficult to ascertain whether an enlarged liver in the pres- 
ence of congestion is irreparably cirrhotic or will recede with improve- 
ment in the circulation. The frequency of repeated abdominal tappings 
and the length of time which the liver has been known to be enlarged, 
help somewhat in differentiating the tAVO conditions. Furthermore it 
might be inadvisable to select a patient who has some unrelated handi- 
cap like hemiplegia Avhich would of itself greatly diminish the value 
of any improA'ement that the operation might produce. Finally, the 
ordinary life expectancy, the history or pattern of the pai’ticular 
cardiac disease needs careful consideration. It is Avell knoAvn that 
when significant congestive heart failure develops in patients with 
aortic stenosis or luetic aortic insufficiency the expected span of life 
is very sliort. Only a more extensive experience will tell whether .such 
patients may be expected to recehm consistent improvement by the 
operation. At present if such patients are selected at all, it should 
be done with no great optimi.sm. 

Alitral stenosis and Inq^ertcnsion associated with congestive failure 
are more liable to go through several cycles of relapses and remissions 
extending over a longer time and from this point of view are more 
suitable. Auricular fibrillation which is present in the more advanced 
stages of mitral stenosis instead of making patients le.ss suitable for 
(qieration. seems to have made them more so. This is particularly true 
if the ventricular rate with auricular fibrillation does not .sIoav satis- 
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factorily on full doses of digitalis, for we have found that such slowing 
occurs more readily after operation. Tlie close association of auricular 
fibrillation Avith hyperthyroidism and the experimental production of 
auricular fibrillation in experimental hyperth3’'roid animals by the in- 
jection of adrenalin'* make one suspect that there may be some rela- 
tionship between the normal thyroid gland and this arrhythmia. 

In all this Avork, the so-called accidents of heart disease, like pul- 
monary infarction, peripheral emboli, coronary thrombosis, and hemi- 
plegia, Avill ineAutablj’’ occur in one case or another entirely unexpect- 
edly AAdiether operation is performed or not. We have had patients 
die suddenly a fcAV days before the day set for the operation as Avell 
as after the operation. Such distressing possible complications must 
not be regarded Amry seriously in esiimating the Amine of the operation 
or in the selection of eases unless they occur AA'ith undAie frequency 
directly after the operation. 

Finally in considering congestive heart failure there are Iavo aspects 
that need clear differentiation, i.e., the subjective and objective cau- 
denees of eireulatoiy insufflcieney. The subjective symptoms, palpita- 
tion and especially breathlessness, frequently precede, by some years, 
the objective findings of peripheral edema, engorged liver, or moisture 
in the lungs. The difficulty in interpretation of the subjective com- 
plaints is Amry great because these same symptoms are present Avithout 
organic heart disease and cA'cn AA’hen found in patients Avith obvious 
Amlvular disease need be related in no Avay to circulatory insufficiency. 
In other Avords, dyspnea, palpitation, and Aveakness may occur for 
many years in cases of Avell-compensated organic cardiac disease and 
in some cases Avill ghm a false estimate of the duration of congestive 
failure. The objective criteria, on the other hand, are readily deter- 
mined and AAdll serAm as more reliable guides as to the presence or 
absence of congestive failure. 

The folloAving cases to be reported Averc more carefully selected. 
On the whole, the morbid processes Avere not regarded as so severe a's 
in the first group, but the same criteria discussed above Avere folloAved. 
All the patients Avere incapacitated and unable to Avork, All those 
suffering from angina pectoi'is had attacks at rest as Avell as on effort. 
All those Avith congestive heart failure gave very little promise of ever 
being comfortable Avhile ambulatory. 

INTERPRETATION OP IMPROATIMENT 

The matter of interpreting the results and indicating the degree of 
improvement is a difficult one. In angina pectoris the disability is 
very much a subjective one and depends on a variety of different cir- 
cumstances,, such as emotional factors, food intake, temperature 
changes, and the like. The number of nitroglycerin pills is some guide 
but not necessarily an accurate one, for the patient may remain suffi- 
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ciently inactive to avoid attacks. The best single guide is the abilitj' 
to ivalk out of doors. Inasmuch as a good many of our patients were 
operated upon in the fall, their ability or inability to walk during the 
succeeding unusuallj^ cold ivinter Avas as severe a functional test as 
one might have. The results were regarded as excellent if there ivere 
no attacks or practically no attacks following operation ivitli the patient 
ambulatory. Whether they returned to ivoi'k or not could not be used 
as a measure of success, because some could find no occupation and 
others ivere retired. There are other instances in which they were ad- 
vised not to resume an active occupation because it seemed Avise under 
the circumstances to rest content Avitli a comparative freedom from 
attacks. Numerically the term “excellent” might be regarded as 75 to 
100 per cent improvement. The result Aims “good” AAdien the improve- 
ment could be estimated as 50 to 75 per cent, “moderately good” as 
25 to 50 per cent and “fair” if the amelioration AA'as less than this. 
Even in the best instances belonging to the excellent group, attacks 
could recur under unusual circumstances. The same general termi- 
nology Avas used in eases of congestive heart failure, and here again 
the criteria Avere someAvhat arbitrary and open to personal judgment. 
If the condition was far advanced and the patient bedridden, the result 
can be regarded as excellent if the patient is rendered comfortable and 
ambulatory although he never is able to Avork. One really lias to 
compare the result obtained Avith the expectations under usual methods 
of treatment. 

RESUMIi OP CASES OF ANGINA PECTORIS AND CLINICAE RESULTS 

OF THE OPERATION 

This report contains 23 cases* of angina pectoris in Avliich a complete 
extii-pation of a noi-mal thyroid gland Avas performed. (Table I.) 
There Avere 14 males and 9 females. The aA^erage age of the males 
Avas 60.1 years, the extremes being 42 and 72 years. The aAmrage age 
of the females Avas 61.7 years, the extremes being 52 and 67 years. The 
duration of angina pectoris at the time of the operation was 4.6 years 
for the males and 5.1 years for the females. This series is, of course, 
rather small, but so far as the figures go the patients here lunm alreadA- 
lived the avei-ago length of life folloAving the onset of angina. In a 
recent study of 141 fatal ca.ses of angina pectoris'’ it Avas found that 
the average length of life after the onset of angina Avas 4.6 years for 
the males and 4.5 years for the females. It folloAvs from this that the 
average life expectancy in the group operated upon is not great. Al- 
though nothing is known about the effect of total thyroidectomy on 
the dxiration of life in angina, future history of such cases Avill throw 
much light on this question. The primary purpose of the procedure 

•Case summaries will be published with the reprints. 
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Tabl? 


CASE 

AGE 

SEX 

DATE OF 

OPERATION 

DIAGNOSIS 

SYMPTOMS 

13 

60 

P. 

8/22/33 

Angina 

8 yr. duration. 2-5 attacks 
daily. 

14 

58 

M. 

9/21/33 

Angina 

3 yr. duration. 5 attacks daily. 
Coronary thrombosis 1931- 
1932. 

15 

55 

M. 

9/22/33 

Angina 

2 yr. duration. 1-300 attacks 
per week. 

16 

64 

M. 

9/22/33 

Angina, diabetes, and 
gallstones 

3 yr. duration. Coronary 
thrombosis. 1931 1-2 
attacks daily. 

17 

42 

M. 

10/17/33 

Angina 

12 yr. duration. 100 attacks 
weekly. 

18 

60 

P. 

10/25/33 

Angina 

1 yr. duration. Coronary 
thrombosis 1933. Moderate 
frequency, each 15-30 min. 

19 

52 

P. 

10/26/33 

Angina, hypertension, 
and heart failure 

4 yr. duration. Nocturnal 
dyspnea several months. 
Coronary thrombosis 1931- 
1933. 

20 

61 

M. 

10/28/33 

Angina 

2 yr. duration. Attacks of 
• moderate frequency. 

21 

63 

M. 

10/28/33 

Angina and diabetes 

3% yr. duration. Attacks of 
great severity. - 6-10 daily. 
Coronary thrombosis. June, 
1933. 

22 

61 

P. 

11/ 1/33 

Angina 

5 yr. duration. Moderate 
severity and frequency. 
Coronary thrombosis 1928. 

23 

65 

P. 

11/ 2/33 

Angina 

10 yr. duration. 10-15 attacks 
daily. 

24 

66 

M. 

11/13/33 

Angina 

9 yr. duration. 5-10 attacks 
daily. 

25 

67 

M. 

11/22/33 

Angina and diabetes 
» 

1 yr. duration. Attacks severe 
and 1 daily. 

26 

65 

P. 

11/29/33 

Angina 

7 mo. duration. Attacks quit® 
severe and very frequent. 

27 

53 

M. 

12/ 7/33 

Angina 

6% yr. duration. 10 attacks 
daily. Coronary thrombosis 
1932. 


•This patient never developed sufficient myxedema to require treatment. 
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basal metabolism 

ON 

fUF*- 

MYXEDKMA TUTROID 

operative therapy 

BLOOD 

PRESSURE 

RESULT 

COMMENT 

+12% 

-30% 

-15% 

200/100 

Excellent 

Only 2 attacks in 10 months. 
Doing all housework. 

- s 

-19 

-14 

145/80 

Excellent 

Only rare attacks on severe 
exertion — 8 months. 

+ 4 

-15 

-11 

138/86 

Excellent 

No attacks for 9 months. 

+ 8 

-24 

- 

120/54 

Moderatcl}' good 

Much fewer attacks in past 
8 months. 

-14 

-33 

-21 

130/80 

Moderately good 

Attacks milder and about % 
as frequent — 8 months. 

- 3 

-28 

-14 

182/100 

Good 

Attacks raucii milder and in- 
frequent — 8 months. 

+ 8 

- 1 * 

- 

140/110 

Fair 

Attacks much less trouble- 
some but dyspnea persists 
— 8 months. 

- 5 

-27 

-24 

120/90 

Excellent 

For 8 months can walk 
freely. 

- 5 

-13 

-19 

146/92 

Fair 

For 8 months attacks less 
severe and less frequent. 

- 7 

-3C 

-11 

140/70 

Excellent 

Returned to work, but May, 
1934, developed some con- 
gestive failure; no angina. 

- 9 

-28 

-22 

190/90 

Moderately good 

For 8 months no attacks at 
rest, but recur on moder- 
ate exertion. 

- C 

-22 

-27 

175/90 

Moderately good 

Returned to work and for 7 
months attacks liave been 
much milder and less fre- 
quent. 

- 5 



140/80 

Died 5 days post- 
operative 

No attacks for 5 days post- 
operative. Out of bed 
feeling fine, then had 
fatal coronary thrombosis. 

-11 

-24 

-25 

220/110 

Good 

For 7 months attacks rare — 
very mild and none at 
rest. 

-18 

-32 

-24 

110/68 

Excellent to fair 

For 6 weeks no attacks, then 
they recurred before tliy- 
roid extract was started. 
4 months postoperative 
fatal acute coronary 
thrombosis. 
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Table 


CASE 

AGE 

SEX 

DATE OF 
OPERATION 

diagnosis 

SYMPTOMS 

28 

61 

M. 

12/ S/33 

Angina, ti'ansient auric- 
ular flutter 

7 yr. duration. Attacks ver 
severe — 4 daily. 

29 

67 

F. 

12/13/33 

Angina 

12 yr. duration. Attacks vot 
severe and 3-6 daily. 

30 

65 

M. 

12/13/33 

Angina 

1 yr. duration. 6-7 attaet 
daily. 

31 

62 

F. 

1/ 4/34 

Angina 

15 mo. duration. Attacks vei 
severe and frequent. Nitn 
glycerin ineffective. 

32 

54 

M. 

1/17/34 

Angina 

9 yr. duration. 2 attacks daily. 

33 

64 

F. 

1/20/34 

Angina 

3 yr. duration. Attacks of 
moderate severity and fre- 
quency. 

34 

56 

M. 

3/ 0/34 

Angina and myocardial 
failure 

4 yr. duration. Coronary 
tiirombosis. 1931. Attacks 
moderate frequency and 
severity. 

35 

72 

M. 

3/ 6/34 

Angina and paralysis 
agitans 

9 mo. duration. Attacks 2-3 
daily. Very severe. Nitro- 
glycerin ineffective. 

36 

33 

M. 

10/16/33 

Mitral stenosis, aortic 
insufficiency, and 
auricular fibrillation 

Dyspnea 5 months. Progres- 
sively worse, finally marked 
failure. 

37 

54 

M. 

12/ 6/33 

Mitral stenosis, auricular 
fibrillation, einpliyseina, 
and duodenal ulcer 

Dyspnea 3 yr. Marked decom- 
pensation 1 week. 

38 

40 

M. 

1/13/34 

Alitral stenosis, depres- 
sive psychosis 

Increasing dyspnea 4 yr. At- 
tacks acute pulmonary edema. 
Psychosis. 

39 

39 

F. 

1/27/34 

Alitral stenosis, auricular 
fibrillation 

Dyspnea 7 yr. Frequent de- 
compensation. 

40 

50 

M. 

2/ 8/34 

Chronic myocarditis, 
auricular fibrillation, 
emphysema 

4 attacks of decompensation in 
11 yr. 

41 

44 

M. 

2/12/34 

Mitral stenosis, aortic 
insufficiency, auricular 
fibrillation 

7 yr, increasing dyspnea. 

42 

30 

F. 

2/13/34 

Mitral stenosis, aortic 
insufficiency 

3 jT. increasing dyspnea. In 
bod 3 months. 
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— CONT ’D 


BASAL METABOLISM 

OK 

myxedema THYKOID 

OPERATIVE therapy 

BLOOD 

PRESSURE 

RESULT 

COMMENT 

+ 8 

-29 

— 0 

160/110 

Excellent 

No attacks for six months. 

- 9 

- 

“ 

150/90 

Died 1 day post- 
operative 

Patient begged for relief. 
Attacks unbearable. Fatal 
acute coronary thrombosis 
1 day postoperatively. 

+ 1 

- 9 

0 

178/100 

Good 

Only occasional attacks for 
6 months mainly because 
he is more active. 

- 4 

“ 

- 

180/110 

Died 1 day post- 
operative 

Fatal acute pulmonary com- 
plication 1 day postopera- 
tivcly. 

- 3 

-21 

- 

134/80 

Good 

Attacks only on severe exer- 
tion 6 months. 

+15 

+ 3 

+ 3 

218/100 

Good 

Attacks on moderate exer- 
tion 4 months. 

- 4 

-28 

-23 

130/85 

Excellent 

No attacks. Walking freely 
3 months. 

+ 7 

-20 

- 

160/80 

Excellent 

No attacks 3 months. 

- 1 

-31 

-21 

140/90 

Excellent 

Ambulatory. Working. 
Symptom-free 8 months. 

- 0 

-22 

-36 

140/80 

Good 

Ambulatory. Comfortable 5 
months. One slight break 
in compensation. 

+22 



120/80 

Failure 

Died Feb. 16, 1934. Mesen- 
teric thrombosis, acute 
pulmonary edema. 

+16 

-21 

“ 7 

125/90 

Excellent 

Does housework without 
sj-mptoms — 6 months. 

+21 

-21 

-15 

130/90 

Fair 

Subjective improvement. 
Ambulatory. 

- 9 

-30 

-18 

120/96 

Excellent 

4 months ambulatory. Work- 
ing. 

+15 

-19 

-16 

122/64 

Good 

4 months ambulatory. Dysp- 
nea on moderate exertion. 
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was I’elief of anginal pain, for it is ah’eacl}’- known tliat subsequent 
coronarj^ thrombosis is not prevented by total thyroidectomy. 

The clinical results in tlie relief of anginal pain were divided into 
four gradations according to the method explained above; excellent, 
good, moderately good, and fair. Among these 23 patients there were 
2 which were regarded as postoperative deaths. Another patient died 
five days after operation of typical coronary thrombosis,- having been 
entirely free from pain during the interval, and a fourth who had an 
excellent result for six. weeks followed by a recurrence of anginal pain 
of modei-ate degree, finalty died four months after the operation of 
acute coronary thrombosis. Of the remaining 19 who are all still alive, 
the results were “excellent” 8, “good” 6, “moderately good” 4, and 
“fair” 1. In three of these there were varying degrees of congestive 
heart failure in addition to angina pectoins, of which two have re- 
mained free of these symptoms and one has had increasing myocardial 
failure. The average duration of follow-up observation on the 19 liv- 
ing patients is six months, the longest is over ten months, and the 
shortest over three months.^" Considering the fact that these patients 
were selected onty because their symptoms were refractory to the 
ordinary methods available, that the attacks came at rest as well as 
on effort, and that the attacks were sufficiently crippling to make life 
hardly worth udiile, it is fair to consider that the results were quite 
satisfactory. 

Ol)scrvation on the Basal Mciaholic Rate 

The preoperative basal metabolic rates in these cases varied a good 
deal. The average was +l per cent. The extremes Avere -18 per cent 
and +15 per cent. We have learned from expez'ienee of the past tAvo 
j^ears that there ai'e occasional individuals shoAving basal metabolic 
rate of +20 per cent to -f45 per cent, Avith no clinical signs of hyper- 
thyroidism, in AAdiom the thyroid gland is normal on gross and micro- 
scopic examination. Such cases haAm been found in Avhich the high 
rate could not be accounted for by dyspnea or psychic influences. This 
occasionally may lead to confusion in preoperative diagnosis, as at 
times it has been impossible to predict Avhether Ave Avere dealing Avith 
a ease of masked hyperthyroidism or a cardiac Avith a normal thyroid 
gland. 

The speed Avith AAdiieh the basal metabolic rate fell after operation 
Avas not constant. Thyroid gland Avas administered to these patients 
Avhen they first began to complain of symptoms pointing to myxedema. 
The aA^erage metabolic rate at this point Avas -23 per cent. There 

♦Since this paper was submitted, three of the patients have died; one (Case 16). 
one day after cholecystectomy, of coronary thrombosis; and two others (Cases 23 and 
o3), of coronary thrombosis. The intervals after thyroidectomy were ten, sixteen, 
and tweWe months, respectively. All those with congestive heart failure are still 
living. The foUow-up period is now nine months longer than the time mentioned in 
the text 
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were other evidences of the hypotliyroid state before this point was 
reached, such as a pallor or a change of facial expression and hyper- 
eholesterinemia. But if the time at whicli it seemed advisable to ad- 
minister thyroid gland is taken as an index, the average interval after 
operation was found to be 65.4 daj'S; the longest was 94 daj^s and the 
shortest 38 days. Tlie average metabolic rate after thyroid extract 
was administered Avas -16 per cent. At fir.st glance one might expect 
that those Avith a loAver preoperative basal metabolic rate Avould de- 
velop myxedema more rapidly than those Avith a high rate. No sig- 
nificant difference Avas found, hoAvever, in this study. The average 
time of the former group Avith an average basal metabolic rate of -8 
per cent Avas 64.2 daj'S and of the latter Avith an aA’erage basal meta- 
bolic rate of +10 per cent Avas 67.1 daj’S. It is of some interest that in 
occasional instances the basal metabolic rate had fallen but very little 
even one to tAvo months after the operation. One patient Avith a pre- 
operatiA^e reading of +15 per cent had a basal metabolic rate of +3 per 
cent 48 days after total thyroidectomy. At this time there Avere some 
clinical evidences of myxedema such as dryness of the skin and somno- 
lence and the blood cholesterol had lusen to 610 mg. per cent. The ad- 
ministration of thyroid gland Avas begun at this point despite the ab- 
sence of a loAV metabolic rate. Another patient shoAved a similar 
course. These variations in the fall of the metabolic rate are probably 
dependent upon variations in the speed in Avhich the remaining thyroid 
.substances disappear from the body and on variations in the balance 
of the other endocrine glands. In none of the eases Avas the metabolic 
rate alloAved to reach the A^ery Ioav levels seen in spontaneous mj^x- 
edema. Attention has recently been called by Means and Lerman® to 
the variations in the time at Avhieh different aspects of the hypoth}^- 
roid state may be expected to develop after the function of the thyroid 
gland has been impaired. It is likely that the so-called “mj-xedema- 
tous heart” requires years for its development, and the same may be 
true of secondary anemia. Whether such ultimate changes Avill occur 
in these patients in Avhom the very Ioav levels of metabolism are pre- 
A'ented by the feeding of thyroid extract is problematic though un- 
likely. In general, an attempt Aims made to keep the metabolic level 
of these cases around -20 per cent. 

Vclociiii of Blood Flow 

^Measurements of the velocity of blood fioAv in patients Avith angina 
pectoris operated upon can reflect fairly clearly the effect of artificial 
myxedema on the speed of circulation. In these the element of con- 
gestive heart failure Avith its accompanied sloAving of the circulation 
does not necessarily exist. The average preoperath-e rate of blood 
floAV measured by the sodium cyanide method" in these 23 cases Avas 
20 seconds (average basal metabolic rate +1 per cent). Pour days 
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after the operation when the average basal metabolic rate was -1 per 
cent the average circulation time Avas still 20 seconds. When symp- 
toms of myxedema ivere sufficient to Avarrant treatment (65 days post- 
operative), the average basal metabolic rate Aims -25 per cent and the 
circulation time Avas 32 seconds, i.e., approximately a fall of 1/2 second 
for each 1 per cent drop in the metabolic rate. The approximation is 
in accord Aidth the readings obtained in a group of patients after the 
administration of thjwoid gland. As the basal metabolic rate rose to 
an average level of -14 per cent the speed of circulation increased to 
an aA’^erage of 26 seconds. Unlike the observations to be discussed 
beloAv in cases of eongestWe heaid failure, eA^'ery ease of angina shoAved 
consistent sloAAdng of the speed of circulation after operation as the 
basal metabolic rate fell. This is in accord Avith the findings of Blum- 
gart and his eoAvorkers® in spontaneous myxedemas. 

Changes in Blood Cholesterol 

Determinations of the cholesterol content of the blood AA^ere made on 
11 cases of angina pectoris. The method of Bloor AAms used; and al- 
though the control figures seemed higher than those given for normal 
individuals, the changes detected Avere sufficiently great to be of dis- 
tinct significance. The average finding before operation in this series 
Avas 244 mg. per cent. The high normal figure may be due to the age 
of these patients, or it may be related to the fact that they all had 
vascular disease. The second determination Avas made about five days 
after the operation, and the average Avas found to be 260 mg. per cent. 
At the point of clinical myxedema this figure had I’isen to 488 mg. per 
cent and then subsequently fell to an average of 329 mg. per cent as a 
result of the administration of thyroid extract. In practicallj’’ all in- 
stances, the cholesterol content of the blood is continuing at a higher 
level than before operation. This is apparently a necessaiy result of 
our attempt at keeping the metabolic rate around -20 per cent. These 
findings are in general in accord Avith those published by Mason, Hunt 
and HurxthaP in spontaneous myxedema. WhateA'^er ultimate delete- 
rious effect this hypercholesterinemia may haA'^e, Avill become apparent 
only in the future study of these eases. 

Changes in the Size of the Reart 

Careful measurements of the size of the heart as determined by roent- 
genograms taken at a distance of seAmn feet Avere made in ten of the 
patients Avith angina pectoris. The distance of the right and left 
borders from the midline (Mr. and Ml.), the diameter of the aortic 
shadoAv (G-.V.), the internal diameter of the chest (I.D.) and the trans- 
A'erse diameter of the heart (T.D.) Avere charted. The average pre- 
operative figures AAdien the basal metabolic rate Avas -fl per cent Avere 
Mr. 4.4 cm.. Ml. 9.4 cm., G.V. 5.7 cm., I.D. 28.7 cm., and T.D. 13.8 cm. 
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About two inoiitlis after operation Avhen symptoms of mj^xeclema were 
present (basal metabolic rate -26 per cent), the corresponding average 
fi<nir''s were I\Ir. 4 8 cm., I\I]. 10 0 cm.. 6.V. 6.0 cm.. I.D. 29.2 cm., and 
T.D. 14.8 cm. From these figures it seems that the average transverse 
diameter of tlie heart increased by 1 cm. This increase occurred both 
on the right and on the left side of the heart about equally. The in- 
crease in the size of the aortic shadow was only 0.3 cm. and may be 
within the limit of error. Further observations were made about two 
months later after the basal metabolic rate had been raised to ar. 
average level of -12 per cent. Average measurements at this time 
were as follows; Mr. 4.8 cm., Ml. 10.4 cm., 6.V. 6.1 cm., I.D. 29.1 cm., 
and T.D. 15.2 cm. Tlie transver.se diameter of the heart at the time 
these last measurements were taken on the average of 141 days after 
the operation, showed a very slight further increase. The figure was 
then 1.4 cm. greater than that of the preoperative diameter. The 
slight inci’ease continued despite the luse in the basal metabolic rate 
brought about by th.yroid extract. The.se changes cannot be regarded 
as insignificant despite the fact that the average internal diameter of 
the chest also increased 0.4 cm. OAmr the preoperative level. It can be 
regarded either that this latter increase was within the error of meas- 
ui’ement or that the chest was held in a more expanded condition after 
than before operation. One is led to suspect that a slow, steady dilata- 
tion is taking place in these patients as a result of prolonged, mild 
mj'xedema which is not entirely compensated for by the small doses 
of thyroid extract. 

Ohscrvaiion on the Blood Pressure 

The preoperative level of the blood pressure in tliese 23 patients 
with angina pectoris varied a great deal. There were some with hypo- 
tension and others with marked h.vpertension. The average pressure 
was systolic 152 mm. and diastolic 90 mm. The extremes for the sy.s- 
tolic pressure were 120 mm. and 225 mm., and for the diastolic 68 mm. 
and 150 mm. About one week after the ojieration the average systolic 
was about 141 mm. and diastolic 82 mm. The fall in the level of blood 
pressure can be ascribed either to the continued rest in bed or as a 
result of the removal of the thyroid gland. It cannot be due to a fall 
in the melabolic rale for this had not as .yet occurred. About two 
months after the operation when .symptoms of clinical m.vxedema were 
present, the average systolic pre.ssure was 167 mm. and the average 
diastolic was 96 mm. The patients were now ambulator.v, and the 
slight rise over the preoperative level can casil.v be explained on this 
basis. After a period of almost six months had elapsed following the 
operation, the average readings were systolic 163 mm. and diastolic 
93 mm. In general it can be said that although there may bo a .slight 
tendenc.v for the blood pressure to rise, no significant variations have 
been detected over an average period of six months. 



750 


THE ASIERICAN HEART JOURNAL 


Changes in Weight 

It is well known that with the hypothyroid state there is a tendency 
to g'ain weight. This proved to be true in these cases of angina pec- 
toris. The average preoperative weight of 11 patients was 67.4 kg. 
About two months later when they had clinical evidence of myxedema, 
tlie average weight was 72.0 kg. Six inontlis after operation, although 
they had all been taking small doses of thyroid extract so that the 
basal metabolic rate had increased somewhat from the previous low 
level, the average weight was 73.2 kg. Inasmuch as none of these 
patients had congestive heart failure, the gain of almost 6 kg. in six 
months cannot be ascribed to the type of water retention that accom- 
panies congestive failure. It must be interpreted as a direct result 
of the maintained low’cring of the basal metabolism. Furthermoi’c the 
increase in weight was not retarded by the small doses of the thyroid 
extract which it seemed desirable for them to take. 

Possihilily of Secondary Anemia 

One of the recognized accompaniments of s])on1aneous myxedema is 
a secoudaiw anemia.*® Although it is more likely that this sort of anemia 
develops only after the myxedema has continued for some years, it is 
naturally of interest to know -whether blood changes of this type de- 
veloped in our eases in Avhieh artificial myxedema was produced. 
Careful estimates of the hemoglobin and erythrocyte counts were made 
in eleven cases. The preoperative figures for these two determinations 
were re.spectively 85 per cent and 4.8 millions. At an average inteival of 
96 days after operation the corre.sponding figures were 87 per cent and 
4.7 millions. It is evident that during this brief period anemia had 
not develoi^ed. In a few instances examinations as long as nine 
months after opei'ation failed to .sho-w any development of anemia. It 
would not be surprising if this did occur in some of these patients 
after a lapse of years. 

Ohservaiions on the Vital Capacity of the Lungs 

There is nothing inherent in the mechanism of angina pectoi’is which 
diminishes the vital capacity of the lungs. When the vital capacity in 
this condition is compared to the customary normal standards, it has 
been found to be somewhat diminished,** primarily because a fall is to 
be expected normally with advancing years. Furthermore in myx- 
edema unaccompanied by congestive heart failure, dyspnea is not an 
integral sjTuptom and the vital capacity is therefore unchanged. Ob- 
servations on this series of eases confirm the above impressions. The 
average preoperative vital capacity of 18 patients Avas 2,630 e.c. About 
one week after operation the figure Avas 2,590 c.c., tAvo months later 
AA’^hen clinical evidence of mjTcedema Avas present it Avas 2,670 e.c., and 
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about two montlis aftei- tliis following tlie administration of thyroid 
extract it was 2,600 c.c. In a word, the vital capacity of the lungs 
remained unchanged in cases of angina pectoris following thyroidectomy. 

Changes in the Electrocardiograms 

Frequent reference has been made to changes in the electrocardiogram 
which characterize spontaneous mjrxedema. Essentially they consist in 
a diminution of all electrical complexes both auricular and ventricular 
with particular flattening of the T-waves. Like many other bodily 
changes which result from myxedema, these alterations probably re- 
quire years for their production. During the comparatively short 
period that the patients in this study have been observed, no such 
marked findings have been noted. In some there was slight but dis- 
tinct lowering of the amplitude of the QKS complex and the T-waves. 
In a few the P-wave was also diminished. Occasionally no significant 
changes were detected. It is likely that because these patients are not 
permitted to remain in a state of marked m 5 ’'xedema, the characteristic 
electrocardiographic evidences of “myxedema heart” did not supeiwene. 

RfiSUAlfi OP PATIENTS WITH CONGESTIVE HEART FAILURE AND 

CLINICAL RESULTS OP THE OPERATION 

In the second series of cases reported here there were seven cases* of 
congestive heart failure, five males and two females. The average age 
of the former was 44 years and of the latter 35 years. Six had mitral 
stenosis, of which four had auricular fibrillation and two had a regular 
rhythm (one of the latter had paroxysmal auricular flutter). Three of 
these valvular cases had additional involvement of the aortic valve 
with aortic regurgitation. There was one nonvalvular case in which 
there were myocardial failui’e and auricular fibrillation associated 
with a previous hypertension. The average duration of symptoms 
which we regarded as evidences of congestive heart failure was 4.8 
years. This figure would have been shorter except for one patient 
who had a history going back for eleven years. Tlie duration of ob- 
.iective evidence of congestive heart failure must have been distinctly 
less than 4.8 j’^ears, but it is impossible to determine this figure exactly. 
We estimated the improvement as excellent in three of these cases 
(No. 36, 39 and 41), good in two (No. 37 and 42), fair in one (No. 40), 
and as absent in one (No. 38). The three regarded as excellent have 
remained free from objective and subjective evidences of circulatory 
failure while ambulatory for intervals of eight months, six months, and 
four months. The others have had varying degrees of improvement. 
In the one ease classified as a failure the patient died five weeks after 
operation of acute pulmonary edema following a mesenteric thrombo- 
sis. E ven this patient, judged by his ability to breathe, had improved 


•C.-i.ce fiuniniarios will be luibli-cbed with the reprint.';. 
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shortl.y after operation. The one that seems to iiave had the least 
benefit was tlie nonvahmlar patient witli a liistory of dyspnea of eleven 
years’ duration. Altlionfyli recurrent edema and some ascites have de- 
veloped, the factor of breathle.ssne.ss has impi'oved; for, whereas be- 
fore operation he was orthopneic, he can now lie flat. 

A general survey of the cases of congestive heart failure and those 
reported in the first series confirms oui- earlier impre.ssion that com- 
plete thyroidectomy is not .so helpful in this condition as it is in 
angina pectoris. To be sure, it is not a simple matter to judge the 
result of treatment and the progrc.ss of congestive failure, because fac- 
tors like intercurrent infection, infarct io}i, and other so-called unex- 
pected accidents of heart disease, may suddenly change the clinical 
picture. Furthermore, the inherent ])rogre.ss of the disease vai'ies so 
much in speed that in some eases it may cpiickly overtake the benefits 
derived from the operation. At the pre.sent time, the exact factoi’S 
that determine the choice of patients Avith congestive heart failure are 
not clear. Although one prefers tho.se cases that become free of ob- 
jective evidence of failure on the preojierative medical care, we have 
had several instances in Avhich the liA'er Avas still markedly enlarged 
and recurrent hydrothorax Avas still present, only to see these entirely 
disappear Avithin ten days after operation. 

The average preoperative basal metabolic rate in these seA’en cases 
Avas -fS per cent; they varied from -9 per cent to +22 per cent. The 
aA'erage rate Avhen thyroid extract Avas first administered for myx- 
edema ^Yas -24 per cent (aji avej’age of 68 days after operation). 
About ten Aveeks later, on thyi’oid medication the basal metabolic rate 
Avas -18 per cent. Although the desirable leA'el Agarics somcAA’hat AAuth 
different patients, this last figure is approximately the optimum. 

It has been shoAvn that the A'elocity of blood floAV is sloAved in con- 
gestiA^e heart failure and accelerates AA'ith improvement of the state 
of the circulation.^- The last preoperative reading of these eases 
shoAved an aA’erage of 31 seconds. The basal metabolic rate at the 
time these readings Avere taken Avas +7 per cejit. About tAvo months 
later the basal i*ate Avas -26 per cent. The average circulation time 
AAms 40 seconds. This indicated an average slowing of the circulation 
of 9 seconds, accompanying a fall in metabolism of 33 per cent. The 
degi’ce of sloAving here Avas only half as great per unit fall in metabo- 
lism as that Avhieh occurred in jjatients AAuth angina pectoris but Avith- 
out congestion. It is A'ery sigJiificant that the patient (Case No. 36) 
AA’-ho shoAved one of the most striking instances of improvement folloAA^- 
ing operation AAms the onfA’- one AAdio actually had an increase in the 
speed of circulation. The circulation time fell from 41 to 20 seconds 
as the metabolism fell from —4 per cent to —31 per cent. It is perfectly 
clear that unlike the anginal group, changes in the velocity of blood 
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flow in congestive heart failure subsequent to complete tliju-oiclectomy 
are by no means constant. Similar inconsistencies between the basal 
metabolic rate and the velocity of blood flow are apparent on careful 
examination of the charts published by Blumgart and his coworkers.^^ 
One is quickly impressed by the fact that the degree of slowing of the 
circulation depends in a large measure upon the rate of blood flow be- 
fore operation. When this rate is normal as in angina pectoris, a very 
consistent slowing occurs. Such slowing also results iu some patients 
who have congestive heart failui-e but in whom the rate is approxi- 
mately normal before operation. AYhen the preoperative circulation 
time is considerablj’- prolonged, hoAvever, if further slowing occurs it 
is onlj' slight and there may be essentially no change or the rate may 
increase. The whole matter of the velocity of blood flow, although one 
factor in circulatory dynamics, is difficult of interpretation for it is so 
intricatelj' dependent upon the total blood volume which shows con- 
siderable alterations during conge.stive failure. 

It has long been known that the vital capacity of the lungs is dimin- 
ished in congestive heart failure and increases as compensation im- 
proves. In these seven patients the preoperative vital capacity of the 
lungs was diminished, for the average was 2,100 c.c. At the point 
when clinical myxedema first "was present, the reading was 2,190 c.c., 
and this rose slightly in a few months to 2,260 c.c., following the ad- 
ministration of thyroid extract. In turn of these cases there Avas an 
increase of 600 c.c. or more following the operation, but on the Avhole 
one can say that the average change was very slight despite the fact 
that there was a decided improvement in the element of subjective 
dyspnea. In other Avords this method of treatment enabled the patient 
to breathe more comfortably, although the actual breathing space Avas 
essentiall}' unaltered. Tlie reason for this is probably that the needs 
for oxygen liaA'e been diminished and that the sensitiAuty of the nerA'- 
ous system Avas altered. 

The changes in the size of the heart Avhich took place in these 
cases, as measured by roeutgeuograms, Avere inconstant. The aA’erage 
transverse diameter before operation Avas 17.1 cm. AA'hen the basal 
metabolic rate Avas +3 per cent. Eighty-five days later Avhen the aver- 
age basal metabolic rate Avas -21 per cent, the transA'erse diameter 
Avas also 17.1 cm. Seventy-four days later Avhen the average metabo- 
lism had risen to -16 per cent, as a result of the administration of 
thjToid extract the transverse diameter Avas 17.2 cm. In one ease 
(No. 36) the heart size diminished 2.4 cm. and in another (No. 42) in- 
creased 1.2 cm. at the time of clinical myxedema. In contrast to pa- 
tients Avith angina pectoris this group shoAved no consistent enlarge- 
ment of the heart as the state of moderate myxedema continued. One 
may infer from this that Avith the improvement that takes place fol- 
loAving tliA-Toidectomy in cases of congestive heart failure there is a 
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lenclency to dimiiuilion in the size of tlic ijcart -wiiicli offseis tJie dila- 
tation which would otherwise occur from myxedema. 

The average preoiierative blood pressure was 113 mm. systolic and 
73 mm. diastolic. When the patients first had clinical evidences of 
myxedema the readings were 128 mm. .systolic and 84 mm. diastolic, and 
at an average period of about five months later the blood pressure was 
essentially the same — 129 mm. .systolic and 78 mm. diastolic. 

RATIONAI.E or TOTAL TllYROIDECTOJIY AND DISCUSSION 

For some years it has been apparent to many clinicians that the lower- 
ing of the basal metabolism exercises a beneficial effect on an embar- 
rassed circulation. This has been true whether the circulatory faihme 
was of the congestive or of the anginal type. The most outspoken 
evidence of this effect was rvitnessed in the extraordinary improve- 
ment that followed subtotal thjToideetomy in those patients with 
exophthalmic goiter or toxic adenoma wdio also showed gross cardiac 
disability. In fact, a considerable improvement was generally appar- 
ent concomitant with the fall of the basal metabolism that followed 
the admiuisti’ation of LugoFs solution, even before subtotal tlij-xoid- 
eetomy. From a diametrically opposite direction there has been con- 
siderable clinical experience that also leads to the same conviction, i.e., 
that the state of the thyroid gland and the basal metabolism have a 
profound effect on the heart. It was frequently observed that cases 
with m^Lvedema might easily develop angina pectoris or congestive 
failux’e as the metabolism would rise on thyroid administration.^*’ 

The first instance of this we recall seeing was in 1925 when in a patient 
with myxedema the number of attacks of angina could be controlled 
entirely by the amount of thyroid he was given. When the metabolism 
•was allowed to remain around -37 per cent, there were no attacks but 
there were symptoms of myxedema ; and when it was -5 per cent there 
xvere frequent anginal attacks, xvith no clinical evidence of mj-xedema. 
It was found in this ease that -15 per cent xvas about the optimum 
level. This relationship was currently known by many physicians who 
were specially interested in either thyroid or heai’t disease. Christian^'’ 
in fact epitomized the situation in the statement that “thjwoid de- 
ficiency may be a conservative process, a form of cai’diac rest, that is 
advantageous to the heart,” 

Simultaneously considerable attention was also being paid to that 
small but foi'tunate group of cardiac cripples who had masked or 
latent hyperthyroidism. Here were iiatients suffering from advanced 
disabling heart disease who foi-merly succumbed because, although 
they had active liyperthju'oidism, evidence of this was so obscure that 
it remained entirely overlooked. When such cases were properly diag- 
nosed and the patients properly treated, it was found that many could 
be I’estored to very useful lives. This comparatively small group with 
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masked liyperthyroidism interested ns intensely at the Peter Bent 
Brigham Hospital and formed the material for a series of clinical 
studies^' ’’’ which emphasized the importance and discussed the 
methods of arriving at the correct diagnosis. 

Amid this enthusiastic search for masked hyperthyroidism among 
patients suft'ering from organic heart disease one patient was sub- 
jected to subtotal thyroidectomy in 1927 in whom the gland proved to be 
normal both in gross and in microscopic examination. Despite this a 
most extraordinary improvement followed which had not been ob- 
tained by all the customary measures employed before in this case. 
This fortuitous experience led to the inference that subtotal thyroid- 
cctom}' of a normal gland might be helpful in the treatment of intrac- 
table heart failure. As time went on and this patient continued to be 
free from congestion, it seemed to Avarrant a conclusion then draAvn 
that “the occurrence of striking improA'ement folloAving subtotal thy- 
roidectomy in a patient Avith advanced congestive failure, in AAdiom 
the thju’oid gland Avas normal, suggests that this operation may be 
useful more generally in the treatment of various forms of cardiac 
disease.’’^ 

PolloAAdng this, deliberate remoA'al of the thyroid gland Avas under- 
taken both at the Beth Israel Hospital and at the Peter Bent Brigham 
Hospital, in cardiac cases that AA’ere not responding to the routine 
methods of treatment. When it Avas found that in some of the cases 
in Avhich a subtotal thyi-oidectomy Avas performed, clinical improve- 
ment and the simultaneous fall in the basal metabolic rate Avere only 
temporary, it Avas assumed that the remaining part of the gland could 
either regenerate or increase its activity.^ The operation Avhich Aims 
adopted for subsequent Avork therefore Avas a total thyroidectomy, the 
first one of AA’hich (Case 3, first series) Avas performed at the Peter 
Bent Brigham Hospital by Dr. E. C. Cutlei’, December 14. 1932. That 
such regeneration does not ahvays occur after a subtotal th.AToidec- 
tomy is illustrated by Case 4 of reference 3. Here, after nine-tenths 
of the gland Avas remoA'ed not only did the angina pectoris disappear 
but myxedema .supeiwened, AA’hich has required constant thyroid medi- 
cation for the past sixteen month.s. 

Physiological studies on the circulation in heart failure and in dis- 
ease of the thyroid gland Avei'e aA-ailable to lend some support to the 
A’alidity of this method of treatment. Particularly Avas this true of 
the obserA’ation on the velocity of blood floAv by Blumgart and his as- 
soeiates.'* It AA’as found that congestiA’e heart failure AA’as accompanied 
by a sloAving of the rate of blood floAv and that Avith improvement the 
rate of blood floAv accelerated. It AA’as also found that in myxedema 
the rate of blood fioAv Avas sIoav in the absence of congestive failure. 
The conclusion that may be draAA’ii from these obsei-A’ations is that Avith 
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a lowered metabolism the slow speed of the blood is adequate, and 
whether heart failure results in any case is a question of demand and 
supply, of the basal metabolic needs on the one hand and the rate 
of blood flow on the other. The therapeutic inference from this is that, 
when congestive failure is present, removing the thyroid gland may 
diminish the demand on the heart so that with a lowered metabolism 
tlie slow circulation will be adequate and compensation will be re- 
stored. 

In this discussion it was hinted that the velocity of blood flow is a 
measure of the work of the heart. It may be an indirect index but 
hardly can be regarded as the accurate guide of the wmde of the heart. 
Better criteria would have been the volume output, the pressure rela- 
tions, and rate at which the heart beats. Purtheimiore the prevailing 
conceptions concerning the meclianism of heart failure have been con- 
flicting. The most recent work of Harrison and his associates^® has 
shown that improvement in heart failure is independent of voliime 
output of the heart. The latter may increase, decrease, or remain the 
same, the essential change being an improvement in the back pres- 
sure factor, i.e., diminution of venous or pulmonary engorgement. In 
fact they found that improvement in one case following total thyroid- 
ectomy was accompanied by a diminution in volume oiitput of the 
heart. This is not in accord rvith the theoretical consideration of 
Blumgai’t and his coworkeiV® who stated that “if the normal meta- 
bolic rate of the patient with congestive failure were reduced, his 
blood supply while not nece.ssarily altered, might neveidheless be suf- 
ficient for the lowered needs of the body.” 

Although one might offer the above explanation for the possible 
benefits to be derived from thyroidectomy in congestive heart failure, 
there is a distinct fallacy in these predictions. If in myxedema the 
rate of blood flow is slowed as a result of the lowered metabolism, 
would one not have to postulate that when myxedema is produced sur- 
gically for congestive heart failure, which already has a slow circula- 
tion, the speed of blood flow would be further slowed? The result 
which one should logically have expected is a diminution in both the 
demand and the supply, efficiency of the circulation remaining as be- 
fore. That such has not been found to be the case since the post- 
operative results have been analyzed does not preclude the fact that 
it was not iDredietable on the earty physiologic work. Moreover the 
statement^® that “with arteriosclerotic narrowing of the coronary ves- 
sels, the blood supply of the heart through these vessels may be in- 
adequate to the needs of a normal metabolic rate although sufficient 
for the needs of the heart at lower metabolic rates” overlooks the fact 
that the slowing of the blood flow and the diminution of volume out- 
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put of the heart that accompanies nij’-xedema would tend to decrease 
the blood supply through these same narrowed coronaiy ai-teries. 

Theoretically one might have said that it would be desirable to 
lower the basal metabolism and at the same time maintain the rate of 
blood flow unchanged or to speed it up. It is clear that the only effect 
that could have been anticipated from the phj^siological studies was a 
further slowing of the circulation which might be harmful. May it 
not be that improvement will be determined by just this differential 
effect? When the fall in metabolism is accompanied by less than the 
expected slowing of blood flow, improvement should occur. As a mat- 
ter of experience the velocity of blood flow has shown no constant re- 
lationship to the fall in the basal metabolism. At times when there 
were congestive failure and a veiy slow velocity of blood flow before 
operation, the flow remained unchanged after operation, even when 
the metabolism was -30 per cent, in the face of clinical improvement. 
AVhen the circulation time was noi’mal or essentially normal, as in the 
cases of angina pectoris and those cases of congestive heart failure 
which became well compensated before operation, there always was a 
distinct slowing of the blood flow which accompanied the fall in the 
basal metabolic rate. Why these different results occuimed has not 
been thoroughlj" explained, although it maj^ be that in congestive heart 
failure an improvement in the efficiency of the circulation following 
the operation brought about by some unknown mechanism of itself 
tends to speed up the circulation and thereby counterbalance the slow- 
ing effect that would otherwise result from the artificial myxedema. 

Furthermore, the early observations on the rate of blood flow on 
congestive heart failure were not applicable to cases of pure angina 
pectoris, for here there is no congestion nor is there any slowing of 
blood flow. In angina it was not a matter of lowering the metabolism 
to meet the slow circulation. Particularly is this true of those patients 
who have attacks of angina at rest. Such cases seem to have some in- 
ternal mechanism that explodes or acts as a trigger in precipitating 
attacks. Whether this is dependent on a temporaiy increase in the 
rate of blood flow has never been determined. There is much pre- 
sumptive evidence that the mechanism, whatever it maj' be, is linked 
up with the adrenals. 

Clinically it has been observed that certain cardiac disturbances 
wliieli were in some way related to the thyroid gland were independ- 
ent of the basal metabolism. Wilson and his associates"® called atten- 
tion to instances of transient auricular fibrillation occurring in pa- 
tients with a normal metabolism who only subsequently developed an 
elevation of the basal metabolic rate and in whom the cardiac abnor- 
mality disappeared after subtotal thyroidectomy. Likewise, Coller"^* 
found that certain cardiac irregularities in nontoxic goiter di.sap- 
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peared after subtotal tbyroidectoinj- altboiigli tlie metabolism was 
normal. Furthermore, it was noted in this present investigation that 
in patients who had daily and frequent attacks of angina, such attacks 
disappeared directly after the thyroidectomy, at a time when the basal 
metabolic rate and the rate of blood flow were still the same as they 
Avere before operation. IMany patients volunteered the information 
that within a few days after total thyroidectomy they were less heart 
conscious and that mild nonanginal discomforts around the heart dis- 
appeared. From all this it was predicted that removing the thyroid 
gland causes a fundamental alteration in the response of the heart to 
adrenalin. This has since been found to be true both clinically in our 
cases and e.xperimentally in animals. It has been shown that adrenalin 
reproduced attacks of angina if injected bei'ore operation’- and failed 
to do so the second or third day after total thyroidectomy."''’ Further- 
more, certain irregularities of the heart can be produced by the injec- 
tion of adrenalin info rabbits that are made hyperthyroid that do not 
occur with similar doses in normal or thyroidectommed animals.^ 
Likewise recent animal experiments have shown that there is a funda- 
mental difference in the response of the heart to injected or secreted 
adrenalin after total thyroidectomy,"^ The acceleration of the heart 
following the same stimulus is lessened 30 to 60 per cent by such an 
operation. All these observations indicate that the removal of the thy- 
roid gland alters the sensitivity of the heart to adrenalin, and confirms 
opinions long since expressed that the th.^Toid gland enhances the ad- 
renalin effect on the body."’'” These considerations are pei’tinent in 
indicating that the early theoretical data which have been supposed 
to be the starting point of this new operation need some I’evision, not- 
withstanding the fact that subsequent studies seem to validate this 
therapeutic procedure. 

■\^ei-y recently an investigation to explain early relief of pain in 
angina pectoris was published by Weinstein and his associates."" They 
presented some evidence to show that the eai’ly relief was due to the 
severance of nerves during the opei*ation and that this effect was 
only temporary. Although it is impossible to refute these results with- 
out reproducing the experiments performed in that research (espe- 
cially deliberate hemithyroideetomy), we are of the opinion that their 
explanation is not valid. It seems unlikely that there can be enough 
cardiac nerves in the operative field to account for results we have 
witnessed. Furthermore, the disappearance of hepatic engorgement 
during the first seven to ten daj’-s following operation, which we and 
othei’s have observed to occur before any appreciable fall in basal 
metabolic rate, cannot be explained on the basis of section of cardiac 
nerves. At any rate much more wmrk will be necessary to account for 
the effects on the circulation that follow total thjToidectomy. 
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Finally in considering the rationale of complete thyroidectomy one 
naturally must pay due regard to the possible harmful effects. When 
it is appreciated that the operation is proposed for conditions that are 
inherently progressive and that do not respond satisfactorily to the 
ordinary available measures, one may be ready to accept some com- 
parativel}’- minor handicaps that might result. The possibility of post- 
operative myxedema is not verj’^ material, for the administration of 
thyroid gland can undo, if it Avere desirable, most if not all the 
deleterious effects of this tjqie. The danger of parathyroid tetany 
has been insignificant, for Avhatever minor S3’’mptoms of this deficiency 
have occurred have been readilj’' controlled. Injury to the recurrent 
laiyngeal nerve is a technical problem, and so far has given rise to 
very little concern. The operative mortalitj’-, had it been high, would 
have been a serious handicap. Realizing that the life expectancy in 
the patients subjected to this operation is not great and that sudden 
fatalities or other disastrous complications are the expected events in 
these conditions, the operative mortality of 5 to 10 per cent eannot be 
regarded as excessive. 

The medical management of all these eases has reeentl}’- been dis- 
cussed-® and need not be gone into hei-e. There is one point, however, 
that needs comment. It has been urged®’' that patients with angina 
pectoins should be kept strictly in bed until a significant fall in the 
basal metabolism has occurred, because the earlj’’ relief of pain Avas 
regarded as merel.y due to the severance of nerves. This maj’’ require 
several Aveeks of bed care in some cases, and it is no more logical than 
it Avould be to advise a patient AA-ith angina pectoris AAdio obtained re- 
lief folloAving cervical s^TupathectomA’’ or alcohol injections of the 
thoracic ganglia to staj'’ in bed for the entire time that he remains free 
from pain, AA'hich maj- be j'ears. We have, therefoi’e, allowed patients 
Avith uncomplicated angina to become ambulatoiy from a fcAV days to 
a Aveek after the operation. 


SUMMARY 

1. A folloAv-up studj' Avas made of tAvelve cases of seA'ere intractable 
heart disease preAdousl.A' reported in which tliA’roidectomj’^ AA’as per- 
formed. This .shoAved that although some benefit Avas obtained, the 
state of the lesions Avas so far adA’aneed that in most cases improve- 
ment did not last an appreciable length of time. 

2. A second series of thirt.v cases of patients also suffering from 
chronic intractable heart disease is noAv reported. There Avere tAvent}'- 
three patients Avith angina pectoris and seven Avith congestive heart 
failure. Six of the latter had mitral stenosis and one Avas a nonAmlAm- 
lar case. Thej- Avere all incapacitated to various degrees. 
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3. There Were two surgical fatalities among these thirty cases, both 
in the anginal group. One additional patient died of typical acute 
coronary thrombosis five days postoperatively after he was feeling 
quite well and was ambulatory. A fourth died of coronary thrombosis 
four months after the operation, having obtained considerable im- 
provement in the preceding three months. Of the remaining nineteen, 
all are still alive an average length of six months after the operation. 
Improvement was regarded as “excellent'* in eight, “good’* in’ six, 
“moderately good” in four, and “fair” in one. 

Among the seven eases of congestive failure there was no surgical 
mortality. One patient died about five weeks after operation of mes- 
enteric thrombosis and acute pulmonaiy edema. In three the result 
was “excellent,” in two it was “good,” and in one it was “fair.” 

4. The criteria for selection of eases were discussed. At present, 
there still remains some uncertaint 3 >' as to the exact tjqoe of ease with 
congestive heart failure that is suitable for this procedure. 

5. ObserAmtions Avere made, pai'tieularlj’' in the cases Avith angina 
pectoris, of the folloAAung factors : the basal metabolic rate, the velocit3" 
of blood floAv, the cholesterol content of the blood, the size of the heart, 
the blood pressure levels, the possibilit 3 ’- of secondar 3 >' anemia, the body 
Aveight, the Autal eapaeit3" of the lungs, and the electrocardiograms. 

6. The rationale of this procedure and some theoretical considera- 
tions that underlie it are discussed. It Avas thought that apart from 
the main effect of th3U’oideetom3’- in diminishing- the Avork of the heart 
b 3 '' decreasing the basal metabolic i*ate there AAms an additional im- 
portant effect, i.e., the diminution in the sensitivit 3 ’' of -the heart to 
adrenalin. 

7. The results obtained in this stiuty indicate that total tlyumidec- 
tom3’- produced specific clinical improvement in cases that Avere refrac- 
tory to the ordinaxy methods of treatment. This seemed to be much 
more definite in those AAuth angina pectoris than in those Avith conges- 
tive heart failure. This operation should be undei’taken, hoAvevei*, 
only after the most careful considei-ation of the diagnosis and prog- 
nosis. Furthermore, it must be eAudent that ordinaxy medical manage- 
ment has failed and that the operation is likely to result in impi’OAm- 
ment that is otherAvise unobtainable. 
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GOROx\TARY ARTERIOSCLEROSIS, CORONARY THROMBOSIS, 
AND THE RESULTING MYOCARDIAL CHANGES 

An Evaluation of Their Respective Clinical Pictures Including 
THE Electrocardiographic Records, Based on the 
Anatomical Findings^' t 

Otto Saphir, ]\LD., ^Valter S. Priest, JLD., Walter W. Ham- 
burger, M.D., AND Louis N. Katz, jM.D. 

Chicago, III. 

(Continued from jutflc S95 of June imic) 
discussion of the anatomical findings 

References to the literature of anatomical lesions are only occasion- 
ally given in this cliscnssion. The articles by Kirch,' by Benson® and 
by Karsner,® should be consulted for a review of the more modern 
literature of this subject. - . 

In the present series, as mentioned previously, all major branches 
of the coronary arteries Avere carefully dissected with small scissors 
and the lesions in each iieart recorded in a separate diagram. Fig. 1 
shows a diagram of the course of the coronary arteries adapted from 
illustrations given by Spalteholz/ and by Gross^^j: with the nomencla- 
ture of the coronary branches as used by Spalteholz.§ This diagram 
serA^ed as a model for the indiA-idnal diagrams accompanying the case 
reports. 

Types of Lesions in ihc Coronary Arteries . — The most commonly en- 
countered lesions AA'ere marked fibrosis, hyalinization, ealeifieation, and 
thrombi. The various stages of coronary sclerosis desci’ibed by BorlP^ 
were encountered with the exception of the first, the earliest stage. 
There Aims marked intimal hyperplasia Avith lipoid deposits, atheroma- 
tous formations, and calcification of the inlima and to a lesser extent 
of the media. No attempt Avas made to differentiate betAveen occlusions 
resulting from hyalinized and calcified plaques and so-called connec- 
tWe tissue occlusions as described by Koch and Kong^^ because of the 
impossibility of differentiating the latter type of occlusions from those 
caused by organized thrombi. Table I gWes a summaiy of the types 

*From the Departments of Pathologj', Medicine and the Heart Station. Michael 
Reese Hospital, Ciiicago. 

tAided by the Frederick K. Babson Fund for tiie Study of Diseases of tl»e Heart 
and Circulation. 

Read before the American Heart Association, Cleveland, Ohio, June, 1934. 

tAA^e are indebted to Dr. N. Mitchell for making this diagram for us. 

Ilnstead of right coronary artery, the term "right circumflex brancii" is used to 
signify the homologous character of this vessel to tiie circumflex branch of the left 
coronary artery. 


762 



SAPHIR ET AL. : CORONARY ARTERIOSCLEROSIS 


763 


of lesions in tlie various branches of the coronary arteries. Recent 
thrombi of the coronary arteries were found 18 times, while organiz- 
ing and old thrombi were encountered in 14 instances. Occlusions by 
calcified plaques were encountered 13 times. Every heart showed 
more than one occlusion or maidced narrowing of the coronary aideries. 
In some instances as many as four lesions were found in the coronaiy 
arterial system in a single heart. This emphasizes the importance of 
dissecting all main branches of the coronary arteries even after one 
oceluding lesion has been demonstrated. 

Thei'e was no relation between the gross lesions in the larger 
branches and the histological changes in the smaller branches (arte- 
rioles) . Often the latter vessels showed no noteworthy changes in the 
presence of marked arteriosclerosis of the larger branches. In only a 
few instances did the sections of the myocardium reveal intimal thick- 
ening of the arterioles. None of the sections, however, showed changes 
characteristic of obliterating endarteritis. Occasionallj’’ a moderate 
infiltration of round cells and endothelial cells was found in the peri- 
vascular spaces, but in no instance was there evidence of syphilis of 
the coi’onary arteries. 

In the 32 instances in which thrombi were encountered in the coro- 
nary arteries, the thrombi were located on atheromatous ulcers. The 
sections revealed either recent thrombi which showed no evidence of 
organization or organizing thrombi with partial replacement by con- 
nective tissue. In some sections much calcification was found, while 
others revealed t 3 ’pical atheromas in the subintimal laj'ers of the coro- 
naiy arteries. 

Location of Coronary Lesions . — In all instances both coronary arteries 
were involved, but most frequentlj’’ the more severe lesions were found 
in the left coronarj’’ arteiy, especiallj’’ in its descending branch about 
2 to 3 cm. from its origin. The next most severelj^ affected branch of 
the left coronaiy arterj- was the ramus anterior ventriculi sinistri. 
The occluding point was often demonstrated in an area about 1 cm. 
distal to its mouth. The ramus niarginis obtusi was involved eight 
times. The circumflex branch of the right coronaiy arteiy was nar- 
rowed in 22 instances and occluded bj”- calcified plaques in onl.y one 
instance ; tlie more severe lesions were found in an area about 3 cm. 
distal to its mouth. Thrombi in the coronarj' arteries were found most 
frcquentlj' where the arteriosclerotic lesions were most marlied, nameh’, 
in the descending branch of the left coronary arteiy. Tlirombi were 
found in this arteiy in 14 instances. The posterior descending branch 
revealed thrombi in two, and marked arteriosclerotic changes in five 
instances. It may be mentioned in this connection tliat in five cases 
this branch came off the left coronaiy artery, and in onlj- two of these 
five instances was it free from changes. 
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In some instances the thrombus did not cause a sudden occlusion of 
the lumen, but was at first mural in type. Later, the thrombus ap- 
parently increased in size and eventually occluded the lumen. This 
could be demonstrated in the histological sections by observing an 
older thrombus close to the wall of the artery at one side, with the 
more recent thrombus adjacent to it. 

Levine and Brown^ stated that in 39 of their 45 autopsy eases, the 
infarction of the myocardium Avas foiind within the distribution of 
the descending branch of the left coronary artery. They also noted 
that Avhen the anterior descending or the circumflex branches of the 
left coronai'.y arteiy were the involved vessels, the occlusion was usu- 
ally found about 2 cm. distal to the bifurcation of these branches. 
This region Avas also recognized by Monckeberg'-'* as the seat of the 
severest changes of the coronaiy arteries. Kirch" referred to this 
location as “Lieblingsstelle” (place of predilection). It may be said 
in this connection, however, that other investigators, like Bork^' and, 
A^ery recently, Barnes and Ball,^^ do not agree that the left coronary 
arteiy is more frequently involved than the right. The latter iiiA'es- 
tigators believe that the designation of the anterior descending branch 
of the left coronaiy arteiy as “the artery of coronaiy occlusion” is 
not justifiable. ■Wolkoff'-"' in an extensive study on coronaiy arterio- 
sclerosis, liOAveA'-er, has shoAvn that the left coronary arteiy is more 
commonly iiiAmlvcd than the right and that the changes are more 
pronounced in its distal portions. She maintained that the point of 
diAusion in the smaller branches and, more commonly, those portions 
of the Avails of the A'cssels AAdiich are directly attached to the myo- 
cardium are the sites of predilection. This author believes that the 
arteriosclerotic lesions at braneliiiig points are the result of the pres- 
sure directed against these areas. 

Analysis of our material fails to rcA'eal Avhy the descending branch 
of the left coronaiy arteiy presents the more frequent and seAmre 
lesions. We could not demonstrate any single point as the one most 
commonly involved, but found the involAmment confined mostly to an 
area approximately 1 cm. in length beginning about 2 cm. from the 
point of origin of the descending branch. This AAmuld speak against 
pressui’e exerted upon branching points as the cause of arteriosclerosis, 
because the lesions AA^ere not confined to the branching points but 
occurred in Avider areas. 

Myocardial Lesions. — Depending upon the relatiA’-e age of the myo- 
cardial lesions, Amrious changes Avere found. In CA-eiy instance, Iioaa’- 
CA'-er, much fibrosis AAms present in the myocardium, and AA'as especially 
noticeable in the periAmseular spaces. The connective tissue Aims usu- 
ally poor in nuclei, and many of the fibers Avere hyalinized. 
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One of the most striking findings in this series of hearts was the 
fact that whenever a myocardial infarct was encountered, at least tAvo 
branches of the coronary arteries supplying the infarcted area wei-e 
immlved. In this consecutiA’e series of cases no instance was found 
in which myocardial infarction occurred with onl.y one main artery 
involved. The involved branches Avere either completely occluded by 
calcified plaques or thrombi, or extremely narroAved by calcified 
plaques. Where extreme narroAving only Avas present, at least three 
main branches Avere involved. 

The infarcted areas in general Avere present in those regions Avhich 
Avere supplied by the diseased branch of ihe coronaiy artery. The 
most common site, therefore, Avas the apical region of the heart. Some- 
times parts of the septum Avere iinmlved. Less frequently, the poste- 
rior Avail of tlie left A'cntricle shoAved infarcts. In a fcAV instances 
infarcts Avere found in both of these regions. In only one instance 
Avas an infarct noted in the anterior Avail of the right A’eutricle. Occa- 
sionally a recent thrombus AA^as found in one coronary artery, Avhile 
the recent infarct Avas found in an area supplied by the opposite 
coronary aiTery. In three instances (Cases III, VII, and XX) the 
infarcts Avere found in the lateroposterior Avail of the left A^entricle 
close to the base. In Case XX, the supplying branch, the ramus 
marginis obtusi of the left coronary arteiy, Avas occluded by a recent 
thrombus, and the circumflex branch of the right coronary arteiy 
shoAved an almost complete occlusion by calcified plaques. In Cases 
III and VII, hoAvcver, the ramus marginis obtuse Avas occluded by an 
old calcified plaque. In each, the infarct, being very recent, could 
not have been the result of this old occlusion. The circumflex branch 
of the right coronaiy arteiy revealed a recent thrombus. The area, 
normally supplied by the ramus marginis obtusi, must have been sup- 
plied in these instances prior to the recent occlusion by collaterals 
originating from the right coronary artery. In these tAvo cases, there- 
fore, the thrombus of the circumflex branch of the right coronary 
arteiy had caused an infarct in an area Avhich originally Avas supplied 
by a branch of the left coronary artery. 

In Cases XTT, XXII, XXXII, and XXXIV myocardial infarcts Avere 
present, but none of the branches of the coronary arteries Avas oc- 
cluded. although their lumina Avere markedly narroAved. The oc- 
currence of these infarcts may be explained by the assumption that 
prior to the development of the infarcts the heart muscle aa'os tem- 
porarily insufficient re.sulting in a loAvering of the arterial blood pre.s- 
.sure so that the area could not be adequately supiilied Avith blood. 
We believe that the infarcts doA-elopcd as a result of this temporary 
lack of blood supply. 
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Sections wliicli were taken from tlie recent infarctions revealed only 
bare outlines of muscle fibers Avliieli showed a loss of their nuclear 
staining quality. In many instances, however, the connective tissue 
nuclei were still recognized, and the walls of the smaller blood vessels 
had escaped necrosis. In large recent infarcts, however, neither con- 
nective tissue nor vessel wall was preserved. Very occasionally, 
these changes were the only ones which could be found, a reactive 
process being absent. The first evidence of 'a reaction of the sur- 
rounding tissue to necrosis was a marked hyperemia with capillarj*^ 
enlai’gement and a moderate extravasation of red blood cells. The 
hyperemia in some instances was so marked as possibly to justify the 
term “red infarcts.” In smaller infarcts, the hemoiTliagie type was 
more noticeable than in the large ones. The i-ecent infarcts also 
showed a polymoi'phonuclear leucoe 3 ’tie reaction; first, siuTOunding 
the dead muscle fibers and, later, invading the infareted areas. In 
some fields these infiltrations gave the impression of an acute P3mgenie 
inflammation. Wearn^® has also called attention to such infiltrations. 
We cannot emphasize too strongl3’' the occurrence of pol3’morphonu- 
clear leueoe3’tic infiltrations in infareted regions because their pi'es- 
ence in the m 3 ’’ocai'dium in eases of sudden death is sometimes eiTO- 
neously taken as evidence of so-called “malignant syphilitic m3’’0- 
carditis.” 

In man3'- sections pigment granules were found either free in the 
tissue or in the c3d;oplasm of endothelial cells. The granules gave a 
positive iron reaction and were taken as evidence of old hemoiThage. 

The histological pictiu'e of old infarcts is Avell knoAvn. One inter- 
esting finding, hoAvever, ma5’' be espeeiall3’’ mentioned. In addition to 
old areas of fibrosis, large areas A\mi’e often seen in Avhich outlines of 
heart muscle fibers Avere still recognizable even though the fibers 
seemed to haA’-e been replaced b3' a material resembling old hyaline. 
Oecasionall3’' recent, organizing and healed infarcts were seen in a 
single section. This was observed more frequently when the infarcts 
Avere the result of occlusion of the vessel b3’' arteriosclerotic plaques. 
These findings seem to indicate that the m3>'ocardial lesions, like the 
lesions in the coronary artei’ies, Avefe progressiA’-e in nature. 

It is knoAvn that the heart muscle fibers shoAv very little tendency 
toward regeneration. Kaufmann,^' hoAvever, described attempts at 
regeneration (Eegeneratiousanlaufe) in the Adcinit3^ of m3meardial in- 
farcts. Such attempts, he believed,’ were indicated by the findings of 
so-called muscle giant cells close to the infareted portions. It is, of 
course, questionable whether such giant cells really represent attempts 
at regeneration, or Avhether they should be classified as foreign body 
giant cells, the result of m3’'ocardial necrosis. In none of our sections 
AA’^ere Ave able to obserA’^e giant cells. The onl5'' evidence of a compen- 
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satorj' reaction of the nwoeardium in the vicinity of the infarcted areas 
was an apparent hypertrophj* of muscle fibers. 

There were six instances of cardiac aneurysms. The larger aneu- 
rysms were bulging, and consisted of thin layers of fibrous tissue 
(“chronic aneurysms”)- The endocardium in the region of the aneu- 
rysms was thickened and was often covered by thrombi. In one in- 
stance a recent infarct led to rupture and hemopericardium resulted. 
Occasionally, however, before the heart was opened, circumscribed 
thin depressed areas were noted, which projected into the ventricular 
cavity. These areas, obviously aneurysms in respect to their patho- 
genesis and histological appearance, were inverted at autop.sy because 
of the loss of the positive intraventricular pressure. The endocardium 
corresponding to these inverted areas was thickened but free from 
thrombi. 

In a number of instances infarcts were found in the left ventincle, 
which were silent clinically; that is to say, there was no histoiy of 
attacks of pain or other symptoms suggestive of infarction, nor did 
cardiac insufficiency develop. This point was stressed very recently 
by Koch and Kong,'^ who stated that cardiac damage and cai’diac 
insufficiency do not go hand in hand. These authors stated various 
reasons for the relative harmlessness of infarcts located in the ante- 
rior wall of the left ventricle. It might be possible that these regions 
are “silent” areas. In our series, however, thei'e were three instances 
of infarcts involving the posterior wall of the left ventricle which also 
did not reveal clinical symptoms. 

Collaterals of the Coronary Arteries . — In our series, several instances 
Avere encountered of occlusion of a main branch of the coronary artery 
either by an arteriosclerotic plaque or by an organized thrombus, but 
Avithout infarction of the myocardium. This clearlj' indicates that the 
regions supplied by the occluded A'essel must have recei\'ed their blood 
supply from other sources. Gross^® has sIioaaui that there is an in- 
crease of collateral anastomoses AAuth adA'ancing age. The age gi'oup 
of our series (forty-five to seA'enty-six yeai*s) justifies the a.s.sumption 
that collateral anastomoses Avere present Avhich must have supplied 
the areas deprived of their normal arterial supply. 

As to the question Avhether Thebesian vessels might liaA-e prevented 
the infarctions in some of our hearts, the folloAving might be said: 
Direct communications betAveen the coronary vessels and the A’en- 
tricular cavities do exist. It has been recently shoAvn (Bohning, 
Jochim and Katz’®) that bismuth and bacteria may enter the coronarj- 
system A-ia the Thebesian A'cssels in the beating heart. It still, Iioaa’- 
ever, remains to be proved Avhether or not these Thebesian vessels 
can supply the myocardium to any large extent Avhen the coronan,' 
arteries are occluded. Though it is Avell knoAvn that a gradual occlii- 
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sioii of one or both openings of the coronary arteries, as seen so often 
in instances of sj^philitic aortitis, may occur without myocardial in- 
farction, it still is possible that there is another entrance to tlie eoro- 
narj'’ circulation which has not received enough attention. Langer’” 
in 1880 and v. Redwitz-” in 1909 had pointed out such extracardiac 
anastomoses. Smetana*^ recently has shown anastomoses between the 
vasa vasorum of the aorta and the coronaiy arteries. A widespread 
extracardiac coronary collateral circulation was described recently by 
Hudson, Moritz and Wearn."^ These authors also stated that this col- 
lateral circulation is probably of significance in compensating for 
sclerosis of the large trunks of the coronaiy arteries. Such arterial 
communications in cases of gradual occlusion of the coronary arteries 
may prevent infarctions. Special attention to such anastomoses is 
being given to autopsj’- material, the results of which will be published 
in the future. In our series, the absence of infarctions can be ex- 
plained solely by existing anastomoses between the coronary arteries. 
The fact that at least two main branches of the coronary arteries were 
involved when infarcts were present supports this view. 

Tyvc of Death . — ^An attempt was made to correlate the type of death 
with the anatomical lesions. The cause of death in three jiatients who 
died suddenly was undoubtedly thrombosis of a main branch of one 
coronary artery, the main branch of the opposite coronary artery 
having been already occluded by an old arteriosclerotic placpie. Once 
the recent thrombus was found in the right coronary artery (Case I), 
while in two instances the recent thrombus was found in the left (Cases 
V and VI). These patients showed no myocardial infarctions, death 
having occurred before the infai'cts could be established. Such a death 
must be considered as being the direct result of coronary thrombosis. 
We have not encountered a single case in this series in which death 
occurred suddenly as the I’esult of the occlusion of a single main 
branch. It seems as though in this age group (forty-five to seventy- 
six years) the closure of a single main branch of the coronary .system 
does not cause instantaneous death provided the oilier branches are 
patent. i\Ioi'eover, as Case XVII reveals, a thrombus in the main 
branch of one coronary artery does not necessarily lead to an infarct 
in the lieart, presumably because of a well-developed collateral cir- 
culation. 

In the remaining instances death ensued ns a result of myocardial 
incompetence in the great majoi'ity associated with myocardial infarc- 
tion. Though the infarcts were caused by the lesions of the coronary 
artery (either thrombosis or arteriosclerotic occlusion), such lesions 
were not the direct cause of death. These patients survived the coro- 
nary occlusion for various lengths of time but died later of the myo- 
cardial damage. Since such an impaired myocardium may become 



SAPIIIli ET AE. : CORONARY ARTERIOSCLEROSIS 


773 


insufficient either gradually or suddenly, the patients with myocardial 
infarcts maj’’ die suddenly or succumb slowly. Sixteen patients of 
this group succumbed gradually, and fifteen died suddenly. In some 
instances the final factors which led to a sudden greater demand upon 
the heart .iu.st before death could be deduced. The use of a bedpan, 
a sudden attempt to leave the bed, or other physical strains (perhaps 
psycliic upsets) must have called for a sudden increase of Avork of 
the heart to which the impaired myocardium could not respond and 
the patient died instantaneously. 

Angina Pectoris in the Light of the Anatomical Findings . — Eighteen 
patients revealed attacks which clinically were typical of angina 
pectoris. A number of these patients i-evealed thrombosis of the coro- 
nary arteries, arteriosclerotic occlusion of the coronary arteries, and 
also myocardial infarctions. Yet similar conditions were found in the 
hearts of patients Avho neither revealed clinical eAudence of angina 
pectoris nor gaA’’e a history of such a syndrome. Moreo\’’er, severe 
arteriosclerosis of the coronaiy aideries and even myocardial infarc- 
tions Avere found at autopsj’- in patients who had had no symptoms of 
heart disease. Therefore, it seems untenable to explain angina pectoris 
on the basis of coronary thrombosis, coronary sclerosis, or myocardial 
infarction per se. 

A large number of clinicians still explain angina pectoris on the 
basis of spasm of the coronary artei-ies and the resulting myocardial 
ischemia. Prom the point of vicAV of the moi*phologist, nothing can 
be said for or against spasm of the coi’onary arteries as the cause of 
angina pectoris because eAudence cannot be obtained of the existence 
of spasm in the gross or histological picture. It seems difficult, hoAv- 
ever, to undei’stand Iioav a vessel AAmll, markedly thickened as a result 
of arterioclerosis and often presenting calcified Avails, could be sub- 
jected to temporary spasm. Prom a morphological point of aucav avc 
also liaAm no means of eA'aluating or confirming ischemia as a cause 
of angina pectoris, although avc are aAvare of the experimental Avork 
indicating it as a possible cause. 

Biichner-^ recently reported ten patients Avith angina pectoris Avho 
died shortly after their attacks. Autopsies revealed infarcts of the 
myocardium in every instance, although some of these could be de- 
tected only by a microscopical examination. He concluded that these 
latter infarcts Avere of importance in considering the anatomical equiv- 
alent of angina pectoris. In our material a detailed histological ex- 
amination of the myocardinm from blocks cut from A-arious portions 
of the hearts failed to disclo.se eAudence of such infarcts in hearts of 
patients aa-Iio had had typical attacks of angina pectoris. We feel that 
sufficient iiortions of the myocardium Avere examined in a sufficient 
number of cases Avith negative results to rule out the possibility of 
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minute infarcts having caused every attack of angina pectoris. We 
do not believe that a myocardial infarct, although minute, is the neces- 
sary anatomical equivalent of angina pectoris. 

One possible explanation for the attacks of angina jiectoris may be 
constructed from this study. All our cases revealed coronary lesions 
and resulting myocardial damage. While Ave cannot believe, as men- 
tioned before, that a rigid coronaiy artery may be subjected to spastic 
contractions and resulting ischemia, it might be possible that the 
damaged heart in these instances develops a temporary insufficiency. 
In CA'^ery instance of angina pectoris a damaged myocardium could 
be demonstrated seA^ere enough to explain a temporaiy insufficiency. 
The damage is not necessarily caused by an infarct, but maj’- be caused 
by simple myocardial fibrosis. The final causes for a teinpox*ary myo- 
cardial insufficiency may be insignificant. As a result of the insuffi- 
ciency, the arterial blood pressure is loAvered, the heart output is de- 
creased, and the blood supply through the narroAved coronary arteries 
is interfered Aidth. The momentary decrease of coronaiy blood supply 
or its effects, AAdiether ischemia, dilatation of the postcapillary veins 
or the compensatory adjustment of the heart, etc., may be responsible 
for angina pectoris. 

DISCUSSION OP ELECTROCARDIOGRAMS 

FolloAving the Avoi’k of Herrick,®^ Smith^®' and Pardee,*®’ it has 
been generally accepted that characteristic changes in the electro- 
cardiogram result from recent coronary occlusions. The earliest change 
is a noticeable deviation of the S-T segment from the isoelectric level. 
Later the S-T segment becomes isoelectric, shoAVS a residual convexitj'', 
and is folloAved by a pointed T-Avave Avith rounded shoulders and sym- 
metrical limbs. The direction of the T-Avave is opposite to the original 
deviation of the S-T segments. In succeeding records the size of this 
T-Avave Avaxes and Avanes, and eventually the T-Avave may disappear. 
Parkinson and Bedford*® pointed out that the serial changes in the 
electrocardiogram, udth rare exceptions, can be placed in one of tAVO 
groups. Early in the first group, the so-called Ti type, the S-T segment 
is elevated in Lead I and depressed in Lead III ; later the T-AvaA’’e in 
Lead I becomes negatiAm. Early in the second group, the so-called 
Tg type, the S-T segment is eleA'ated in Lead III and depressed in 
Lead I ; later the T-Avave in Lead III becomes inverted. Bohning and 
Katz*^ liaA’e called attention to the development of a large, upright 
T-Avave in Lead III in type Tg and in Lead I in Type Tg. Recently, 
Wilson and his coAAmrkers*^ attempted to classify electrocardiograms 
following coronary occlusion into tivo groups, depending upon the 
lead in AA’-hich a large negative Q-Avave appeared. In the Qi tjTpe this 
negatiAm Q-Avave is found in Lead I, and there may be a large nega- 
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tive S-wave in Lead III ; in the Q3 t5T3e this negative Q-wave is found 
in Lead III, and a negative S-wave may appear in Lead I. The litera- 
ture contains instances of recent eoronaiy occlusion where the elec- 
trocardiographic findings do not fit into the characteristic Q or T 
patterns. Furthermore it is not always easy to classify the Q-T tj^ie. 

Barnes and Whitten®^ concluded that the changes in the electro- 
cardiogram depended upon the location of the infarct. They found 
that the Ti type is characteristic of infarction of the anterior wall and 
apex of the left ventricle, and the T3 type of infaretion of the posterior 
wall of the left ventricle. This conelusion has been confirmed by 
several authors (cf. Rose and Meyers,®'* Wood and his associates.®® 
However, Gilchrist and Ritchie,®® after comparing the electrocardio- 
grams with autopsy findings in published cases, concluded that the 
available evidence does not support the view that the form of the 
electrocardiographic record is a reliable guide in locating the site of 
the infarct. Wilson and his coworkers,®® after survejung their ma- 
terial, state “that the location of the infarct plays a most important 
role in determining the foimi of the ventrieular complex in coronary 
occlusion is scarcely to be doubted. When an attempt is made, how- 
ever, to correlate the one with the other .... many puzzling cases 
are met with.” They found a number of instances both in their own 
series and in those reported in the literature where the infarct was 
not located in the region anticipated from the type of the electro- 
cardiogram. Penichel and Kugel®’' have suggested that a large ' in- 
verted Qg-wave is due to infarction of the posterior portion of the 
ventricular septum. 

Gilchrist and Ritchie®® pointed out that while rapid changes in the 
ventricular complex in serial electrocardiograms are strong presump- 
tive evidence of myocardial infarction, similar changes developing 
over a long period of time may be due to progressive myocardial 
fibrosis following coronary sclerosis. It is now well recognized that 
ectopic rhythms, such as premature systoles, paroxysmal tachycardia, 
paroxysmal auricular fibrillation or flutter and terminal ventricular 
fibi'illation, follow recent coronary occlusions. Partial or complete 
A-V block and intraventricular block (bundle branch or arborization 
types) also may follow recent coronary* occlusion. Smith®' and Weaim*® 
have found small amplitude of the QRS complexes after a recent coro- 
narj’’ occlusion. 

jMany of the views concerning changes in the electrocardiogram 
following recent coronary occlusion are based to a large extent on a 
correlation of the records with the clinical findings alone; no autopsies 
having been performed to confirm the clinical interpretation. This 
study, however, has shown, as mentioned above, that lesions expected 
from the clinical picture are not always found at autop.sy. Further- 
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more, neither coronary tlirombosis nor myocardial infarction always 
gives cliaracteristic clinical evidence. The electrocardiographic find- 
ings in the present study, therefore, were correlated with the changes 
found at necropsy. Tlie apparent duration of tlie thrombosis or in- 
farction was determined by gross and histological examination. With 
this information we could determine, with reasonable certainty, whetlier 
the electrocardiogram was taken before, .shortly after, or some time 
after, the myocardial infarction (or coronary thrombosis) had oc- 
curred. The findings are assembled in Table II. Since the study 
started at the autopsy table, it ivas not surprising 1o find that for a 
variety of reasons electrocardiograms had not been taken in a number 
of instances and had not been taken often enough in others. 

Of the 34 patients studied, 21 had one or more electrocardiograms. 
Of these, ten were taken before infarction occurred; five were taken 
a long time after infarction occurred; twelve were taken soon after 
infarction. At the time two of the last twelve records were taken an 
old infarct was present in addition to the recent one. The time rela- 
tionship between the electrocardiogram and the infarct could not be 
determined in two other instances. 

Electrocardiograms T alien- Before Infarction . — The electrocardiograms 
taken before infarction occurred might be expected to show only the 
changes caused by advanced coronaiy sclerosis and myocardial fibrosis. 
Four of these records, however, either suggested a recent coronary 
occlusion or at least were compatible with such a lesion (record 1 
of Case XIII, Cases XIV and XXIV, and record 3 of Case XXIV). 
Case XIV is particularly noteworthy in this regard. The record 
showed a typical early Q3-T3 type with low amplitude, but no infarct 
was present. The record in Case XXIV, and the third record in Case 
XXXIV not only had suggestive changes in the electrocardiogram but 
suggestive histories as well, and yet no infarcts were present at the 
time the records were taken. 

Electrocardiograms Taken Some Time After Infarction . — Of the five 
eases in which the records were taken some time after infarction had 
occurred, three showed nothing characteristic of such an event. The 
intraventricular block in the second record of Case II and in the recoi-d 
of Case XXX is not necessarily an indication of infarction, since it 
also occurs in this series when infarcts were not present (record 1 
of Case VIII). Low amplitude which ivas found once in the presence 
of infarction is not characteidstic, since it was found in Cases XIV 
and XXIV when no infarcts were present. Premature systoles were 
also found in Cases VII and VIII before infarction liad oceiuTed. 

It was not easy to determine the Q-T type in the records taken a 
long time after infarction had oecnri’ed. Two of the five showed a Qi 
type, one associated with an infarct in the anterior wall, the other 
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ivitli an infarct in both the anterior and the posterior wall of the left 
ventricle. In the other three instances the Q-type could not be detci'- 
mined; the infarct in each of these involved the anterior wall. The 
T-type could be determined onlj’' once. In this instance the type was 
Tg, although the infarct was located in the anterior wall of the left 
ventricle. 

Electrocardiograms Taken Soon After Infarction . — According to the 
age of the infarct as detennined from the niori^hological picture, records 
(or series of records) were taken in 12 instances soon after the de- 
velopment of the infarct. In two of these (Cases IX and XI) the 
records were not at all characteristic of recent coronary occlusion. 
In the other ten cases the records either were characteristic of recent 
coronary occlusion, or at lea.st suggested such a lesion when correlated 
with the clinical findings or when compared with the records taken 
previousljL 

Intraventricular block of various types was present in Cases III, 
VIII, IX, XXVI and XXIX; in Case VIII a first degree A-V block 
was also noted. The nature of the intraventricular block bore no I’elation 
to the location of the infarct. Involvement of the anterior portion of 
interventricular septum occiuTed without block (Cases XI and XIII), 
with the uncommon tyj-je of bundle-branch block (Case XXVI), and 
with the common type of bundle-branch block (Cases VIII and IX). 
Involvement of the posterior wall of the left ventricle was associated 
with the common type of bundle-branch block in Case III ; but in Case 
XX a similarly located infarct was not associated with intraventricular 
block. It must be remembered, however, that in many instances the 
intraventricular block may have been pi’esent before the infarct oc- 
curred, and might have been due to advanced coronaiw sclerosis and 
myocardial fibrosis. 

Ectopic rhjdhms were no more frequent in this group of cases than 
in the preceding two groups. Low amplitude occurred more frequently 
in this group (5 out of 12 times) than in the other two groups. Left 
axis deviation was pre.sent in seven of these twelve cases, in three no 
deviation was found and in two the deviation was to the right. Left 
axis deviation, however, was also frequently seen in records obviously 
taken before infarction occurred. 

The Q-T type in this group coiild be classified more often than in 
the preceding group. A Q^-type was observed four times, a Q,-ty])e. 
three times. In the other five instances the Q-type could not be de- 
termined. In four instances the location of the infarct corresponded 
to the Q-type; in three it did not. In the five in which the Q-type 
could not be determined, naturally no correlation could be made. A 
Tn-type occurred in eight instances, in one instance it was not alto- 
gether characteristic; a Ti-tjqie occurred three times, but was not 
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absolutely cliaracteristie in any. In one record the T-type could not 
be determined. The location of the infarct corresponded to the T-type 
localization of Barnes and Whitten in four cases; in five it did not. 
In three instances no correlation could be made. A deep negative Qj 
was found in this series when the infarct was located in the anterior 
as in the posterior wall of the septum. This does not agree, with the 
conception of Feniehel and Kugel.” 

Interpretation of the Electrocardiographic Findings . — This study in- 
dicates that the electrocardiogram, so far as the standard three leads 
are concerned, does not alwa3’’S aid in determining ivhether or not 
coronary thrombosis or myocardial infarction is present. The elec- 
trocardiogram also does not ahvays aid in estimating the age of the 
infarct. It is, of course, possible that more information might be 
obtained if more frequent eleetroeai*diograms are taken and the records 
compared. The advantage of taking records early in middle life to 
serve as “controls” for subsequent records is obvious. Such “con- 
troF^ records were of considerable value in six instances in this series. 
The electrocardiographic changes generally assumed to be due to re- 
cent myocardial infarcts may also occur in instances of old infarcts 
or where no infarct is present. These observations suggest that the 
characteristic electrocardiographic changes supposedly due to recent 
myocardial infarcts may be pi’odueed by some other factor, such as 
myocardial ischemia brought on bj’’ sudden mj’^ocardial insufficiency 
or by sudden reduction in the foi'ce necessary to drive blood through 
the narroAved coronary arteries. In other ivoi’ds, interference ivith the 
eoTonary blood supply in hearts with marked sclerosis and gradual 
narrowing of the lumina of the coronaiy arteries may cause changes 
in the electrocardiogram Avhich are similar to (or nearly similar to) 
those produced by thrombosis and infarction. Hence the electrocardio- 
gram may be misleading if reliance is placed entirely on it. 

This study further shoivs that so far as single standard lead records 
(and even occasionally where serial records are available) the elec- 
trocardiogram (1) may fail to shoAv changes considered characteristic 
of recent infarction ivhen an infarct is present; (2) may show changes 
compatible with infarction ivhen none is present; (3) may show changes 
characteristic of recent infarction in the presence of an old infarct; 
(4) may show changes suggestive of an old infarct in the presence of 
a recent one; and (5) may show changes commonly produced by coro- 
nary sclerosis and myocardial fibrosis in the presence of old healed 
infarcts. Therefore, the electrocardiogram may entirely fail to give 
any clues as to the full significance of previous clinical attacks. 

Furthermore, Ave believe that it is not feasible to locate the position 
of the infarct from records obtained Avith the standard three leads. 
If it is assumed that the location of the infarct determines electro- 
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cardiograpliic tjTies, this study sliows tliat there must he other factors 
which modify the appearance of the records (cf. Korey and Katz^®). 
Perhaps, as Wilson and his associates^- suggested, the character of 
the electrocardiogram may depend to some extent on the location of 
the infarct with reference to the endocardial and epicardial surfaces 
of the heart. It is also possible that the condition of the myocardium 
and the position of the heart prior to infarction may play an impor- 
tant role (cf. Katz and Ackerman®®). While it is of interest to attempt 
to classify the electrocardiograms into various T- and Q-t^Ties, one 
should not become so engrossed in this endeavor as to lose sight of 
the fact that many records cannot be so classified. It is more impor- 
tant to take serial records at frequent intervals in suspected cases and 
to examine the records for minor changes, especially in the contour 
and level of the S-T segment and contour and direction of the T-wave. 
If this is done, recent coronary thrombosis and myocardial infarction 
will be ovei-looked in fewer cases, although the error of diagnosing 
infarction and thrombosis when they are not present may still occur 
when the eoronarj' arteries are markedly sclerosed. The recent work 
of Wolferth and Wood,^®’ of Wilson and his associates®® and of 
Katz and Kissin^® indicates that the frequency with which myocardial 
infarction can be diagnosed is increased by taking a fourth lead from 
the chest in addition to the standard three leads. 

The variability of the electrocardiograms taken when infarcts were 
not present suggests that the electrocardiographic changes seen in 
coronary sclerosis are not due to the fibrous replacement of the heart 
muscle — ^unless there is serious interference with the conduction path- 
ways — but are expressions of the damage to the apparently normal 
muscle resulting from a diminished blood supply of the whole heart 
which the diffuse arteriosclerotic process in the coronary arteries may 
produce. 

DISCUSSION OP CLINICAL FINDINGS 

From the clinical standpoint the method of this study has some dis- 
advantages. Thus is may be argued that some of the patients were 
not sufficiently studied from the cardiac angle. It is, however, un- 
likely that significant symptoms or signs were overlooked, particularly 
attacks suggestive of angina pectoris and congestive heart failure. 
On the other hand, from the clinical standpoint this approach has the 
distinct advantage of presenting a group of patients which more nearly 
represents the average likely to be encountered by the profession at 
largo, rather than a group selected by the specialist in internal medi- 
cine. As has been seen from the case reports, a large percentage of the 
patients sought relief from conditions which were primarily surgical, 
medical or neurological with cardiac symptoms either absent or oc- 
cupying a minor place. 
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Incidence ami Associated- Lesions. — Before reviewing the looints bear- 
ing directly upon the clinical picture of coronary thrombosis and 
mj^ocardial infarction, a brief discussion of the incidence and asso- 
ciated lesions is given in Table III. 

Tabi.e III 

A. Incidence: 

Sex : Males, 2S ; females, C. 

Age: 45 to 76 years (majority between 61 and 70). 

B. Associated lesions: 

1. Generalized arteriosclerosis: 34 (moderate, IS; severe, 16). 

2. Nephrosclerosis of the arteriolar variety, 9. 

3. Hypertension, 13. 

4. Pulmonary lesions: 

Infarcts, 9. 

Embolism of pulmonary artery without infarction, 1. 

Bronchopneumonia, 5. 

Abscess, 1. 

Chronic caseous or fdirous tuberculosis, 4. 

5. Lesions in the gastrointestinal tract (including the gallbladder and liver) : 

Carcinoma, 5. Cholelithiasis, 2. 

Polyposis, 2. Cholecystitis, 2. 

Intestinal obstruction, 1. Laennec cirrhosis, 1. 

Diverticulitis, 1. 

6. Infarcts in organs other than the heart or lung, 10. 

7. Glandular hyperplasia of the prostate, 6. 

S. Encephalomalacia, 4. 

9 . Diabetes mellitus, 4. 

The iiresence of generalized arteriosclerosis in every patient is not 
surprising. Only 13 had evidence of hypertension clinically; some 
cases may, however, have been overlooked. With the exception of 
infarcts in other organs and possibly carcinomas, the incidence of 
other than cardiac lesions is about what might be expected in this age 
group. Associated lesions assume importance in the clinical considera- 
tion of coronary disease when they mask or confuse cardiac symptoms, 
increase the work of the heai-t, require surgical intervention, or divert 
the attention from the heart Avith the result that this organ is not 
carefully examined. 

Pnlmonary Lesions. — Bronchopneumonia occurred chiefly as a termi- 
nal event. In at least one instance, hoAveAmr, it precipitated the ter- 
minal failure. In another instance the symptoms and some of the 
findings of bronchopneumonia Avere interpreted as those of coronary 
thrombosis. Pulmonaiy infarction AAms usuallj^ secondary to the cardiac 
mural thrombi, but in at least one instance the symptoms Avere inter- 
preted as those of coronary thrombosis. In another instance the 
presence of pulmonary infai-ction cast doubt on the existence of coro- 
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nary thrombosis and led to the exiilanation of the symptoms and find- 
ings on the basis of the pulmonary lesion alone (cf. Hamburger and 
Saphir^®). It must be borne in mind, hoAvever, that pulmonary infarc- 
tion should lead to the suspicion of the occuiTence of recent myo- 
cardial infarction unless another eause is demonstrable. Of the nine 
instances of pulmonary infarction in this study seven resulted from 
emboli arising from mural thrombi of the right auricle and only two 
from emboli originating in the right ventricle. In addition there was 
one instance of a mural thrombus of the right auricle without pul- 
monary infarction. Pulmonary infarction following myocardial in- 
farction does not necessarily indicate that the myocardial infarct is 
located in the interventricular septum adjacent to the right ventricu- 
lar cavitjc It may rather indicate myocardial imsufficiency, cardiac 
dilatation, and consequent auricular thrombi. 

Abdominal Lesions . — Some of the abdominal lesions in this group of 
patients were found incidentally at autopsy. IMost of them were rec- 
ognized clinically while the coronary and myocardial disease was over- 
looked. With one exception they led to surgical intervention. While 
it is possible in one or two instances that some of the abdominal symp- 
toms were produced by the eoronaiy disease, the cardiac complication 
in the other instances was overlooked mainly because the eoronaiy 
occlusion or thrombosis, or myocardial infarction was clinicall}' “si- 
lent.” It so happens that the error of operating on a patient with 
eoronaiy thrombosis in the absence of an abdominal lesion was not 
made in this particular series. The incidence of carcinoma (all of the 
gastrointestinal tract) is rather high (15 per cent). It is well known 
today that the pain of coronary thrombosis may appear onl}^ in the 
upper abdomen (Levine and Tranter,'*'* Hamburger*'^). This has been 
emphasized so much that we are in danger of forgetting that an 
elderljq arteriosclerotic individual can have abdominal pain resulting 
from an abdominal le.sion even though other symptoms might point 
to the heart. Errors in diagnosis either way are unfortunate and 
should be studiously avoided. 

Infarcts in Other Organs . — In one instance a renal infarct was mis 
taken for eoronaiy thrombosis; in another a splenic infarct was diag- 
nosed coronary thrombosis. Other instances of infarcts were clini- 
cally not misleading. In one instance, however, hemiplegia following 
cerebral embolism diverted attention from the heart. 

Diabetes McUiius . — Four patients bad diabetes mellitus. This inci- 
dence is less than some observers report (Levine and Brown,- Nathan- 
son'"'). If the patients comprising this series represent, as we believe, 
the averages which one might encounter, it follows that diabetes mel- 
litus is not so frequently jiresent as may be inferred from the recent 
literature. 
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referable to the heart. In nine of these patients the attacks occurred 
only after effort (Heberden’s angina) ; in four pain occurred unrelated 
to effort; the remaining five had both types of pain attacks. 

In the group with definite Heberden’s angina (fourteen patients 
altogether) it was impossible to tell in many instances which attacks 
or which type of pain coincided with coronary thrombosis or myo- 
cardial infarction. In three instances (Cases XVIII, XIX and XXVIII) 
the evidence is reasonably clear that angina of effort developed fol- 
lowing the coronary thrombosis or myocardial infarction. The occur- 
rence of pain unrelated to effort has been given as a differential 
diagnostic point in determining the occurrence of coronary thrombosis. 
There were only four instances in which an attack of pain unrelated 
to effort could reasonably be correlated with the occurrence of coro- 
nary thrombosis or myocardial infarction. Coronary sclerosis and 
myocardial fibrosis alone were present in four instances at the time 
attacks of pain unrelated to effort occurred, showing that in the pres- 
ence of these lesions obvious exertion is not a prerequisite for the 
production of pain. 

Localization of pain outside the cardiac area was most frequent in 
the attacks unrelated to effort. In four instances pain was felt solely 
in the epigastrium, one attack being associated with nausea and vomit- 
ing. It has also been said that epigastric localization of pain favors 
the diagnosis of coronary thrombosis. Of five attacks of pain unre- 
lated to effort and with epigastric localization, three did not signalize 
coronary thrombosis. In the group with Heberden’s angina (fourteen 
patients altogether) pain occurred in the epigastrium in one instance 
and in the face and neck in another in addition to being substemal. 

In two instances correlation between the attacks of pain and the 
anatomical findings was not possible because of multiplicity of lesions. 

In addition to the eighteen patients discussed above, three other 
patients had attacks of epigastric or abdominal pain not related to 
effort and which could not be ascribed definitely to cardiac lesions. 
In one of these patients (Case VIII) old coronary sclerosis or occlu- 
sions might have caused the attacks of epigastric pain, although an 
infarct of the spleen was also present. In the second (Case X\’) there 
was abdominal pain about the time of coronary thrombosis, but the 
patient also had carcinoma of the stomach. In the third (Case XVII) 
an attack of right upper quadrant pain was possibly caused by coro- 
nary thrombosis but clinically was more typical of gallbladder disease. 

Duration of pain is not a reliable differential diagnostic point in 
determining the occurrence of coronary thrombosis because of the fre- 
quent occurrence of attacks of pain lasting for hours which did not 
signalize coronary thrombosis. There are no clear-cut instances in our 
series of short attacks of pain signalizing coronary thrombosis or myo- 
cardial infarction. 
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Sevei’itj^ of pain also is not a reliable guide in the differential diag- 
nosis of coronary thi’ombosis, since there were attacks of pain, unre- 
lieved by nitrites or morphine, not associated with the occurrence of 
coronary thrombosis. On the other hand, some comparatively mild 
attacks of pain signalized coronary thi*ombosis. Some of the variabil- 
ity in the severity of pain encountered may be explained, in part at 
least, bj^ variability in the sensitivity of the individual to painful 
stimuli, a subject which has been emphasized recentl.y by Librnaiff® 
who divides patients into 113 ^ 50 - and hjiiersensitive groups. 

It is interesting to note that thirteen i^atients did not give a histoi 7 
of anj’" cardiac pain. This group constitutes 38 per cent of the total 
number of patients in this studj’' and includes those with various t^qoes 
of anatomical lesions, namelj’’, recent eoronarv thrombosis without 
mjmeardial infarction — 2 instances, I'ecent eoronarv thrombosis with 
mj^'ocardial infarction — I, recent m^'oeardial infarction without coro- 
narj^ thrombosis — 2, old sclerotic coronary occlusion — 1, old coronary 
thrombosis — 1, old coronaiy thrombosis with myocardial infarction — 
2, and old mj’-ocardial infarction without coronary thrombosis — 3. 
Some hearts had lesions which developed at different times, account- 
ing for the overlapping (Cases XVI, XXXI, XXXII, XXXIII). Every 
one of these thirteen hearts, howevei*, .showed coi'onary sclerosis and 
mjmcai’dial fibrosis. Congestive heaiff failure, debilitating disease, or 
clouded sensorium inaj’- explain the absence of pain in a few of these 
thirteen patients but not in the majorit.v. It may be emphasized that 
some of these “silent coronaiy accidents” occim’ed while the patients 
were under dailj' observation in the hospital. 

Other Signs and Symptoms . — In looking for other possible clinical 
signs of coronaiy thrombosis or nijmcardial infarction in the group 
of patients without pain, it was noted that five had an attack of sud- 
den dyspnea related to the development of coronaiy thrombosis. These 
sudden attacks of dj^spnea were not alwaj's accompanied bj^ pallor, 
fall in arterial blood pi-essure, fever and leucoc^ffosis. It seems justi- 
fiable, therefore, to emphasize the fact that sudden dj'spnea ma,v be 
the only clinical sign of coronary thrombosis. In one instance in the 
group of patients without pain an attack of faintness was apparently 
the only significant sign of coronaiy thrombosis. 

Aside from pain and sudden dj^spnea, the following summary maj'' 
be given concerning the remaining s.vmptoms and signs considered 
characteristic of coronary thrombosis and m^'ocardial infarction. Myo- 
cardial infarction was usually associated with fever, although in three 
instances it was not. In everj'- instance of recent infarction in which 
a white blood cell count was made, a leucocjffosis was found. When 
previous blood pressure readings were available as controls, a fall in 
arterial pressure coinciding with coronaiy thrombosis was usually 
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noted. But in at least four patients (Cases II, '\TI, XI and XXVI), 
the arterial pressure was well maintained or actually rose. Recent 
or organizing pericarditis occiirred nine times, and in four of these 
instances a friction rub was heard. The friction rub does not indicate 
that the infarct is located anteriorly, since in two of these foiir the 
infax'ct was found in the posterior wall of the left ventricle. The pulse 
was usually rapid and of poor quality. Hyperpnea of vaiying degrees 
and occasionally d3’'spnea occuiTed immediately following coronary 
thrombosis whether pain was present or not. Pallor, sweating, and 
weakness were inconstant. 

In view of all the facts presented in this discussion it appears im- 
possible in the pi’esent status of our knowledge to differentiate clini- 
cally between myocardial infai*etion brought about bj" coronary 
thrombosis and that following arteriosclerotic narrowing or occlusion 
of the coronary ai'teries. This study also emphasizes the great dif- 
ficulty of determining clinically the occurrence of coronary thrombosis 
and myocardial infarction, either because the thrombosis aird infarct 
may occur “silently” or because the characteristic picture may be 
found in the absence of thrombosis and irrfarction. 

SUMMARY AKD CONCLUSIONS 

The material of this study comprises thirty-four cases selected by 
the pathologist on the basis of the anatomical lesiorrs, without previous 
knowledge of the clinical and electrocardiographic findings. After the 
anatomical maternal had been studied, the elinieal and electrocardio- 
graphic records were reviewed, and the attempt was made to correlate 
these findings with the anatomical lesions. 

Both coronary arteries v^ere involved in all hearts examined. The 
more severe lesions were found in the left coronary' artery, especially 
in the descending branch. “Whenever a myocardial infarct was en- 
countered, at least two branches of the coronary arteries supplying the 
infarcted areas were involved. The infarcted areas in general Avere 
present in the regions supplied by the diseased coroirary arteries. Oc- 
casionally, a recent thrombus was found in one coronary artery, Avhile 
the recent infarct Avas located in an area supplied by the previously 
occluded opposite coronary ai’tery. Apparently the infarcted area, 
prior to infarction, Avas supplied by collateral anastomoses. In four 
hearts, infarcts Avere present Avithout any occlusion of the coronary 
arteries, although their lirmina Avere markedly narroAved. Such in- 
farcts Avere probably caused by transient myocardial insufficiency, 
which hr the presence of naiTOAvcd coronary arteries led to a tem- 
porarily inadequate blood floAV. Some degree of myocardial fibrosis 
Avas present in all hearts. 

Patients Avith myocardial infarcts may die suddenly or succumb 
sloAA'ly. In some instances the final factors, Avhieh led to a sudden 
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greater demand upon the heai’t just before death, could he deduced. 
In the great majority of patients, death ensued because of myocardial 
incompetence associated with mj’-oeardial infarction. . Sudden death 
following the occlusion of a single main bx'anch of the coronary arteries 
was not encountered. Three patients dying suddenly showed recent 
thrombi in a main branch of one coronary artery, the opposite artery 
showing an old occlusion. 

As far as single standard lead records are concerned (and even oc- 
casionally where serial records are available) the electrocardiogram 
may fail to give anj’’ clue as to the full significance of previous clinical 
attacks. It does not always aid in determining whether or not coro- 
nary thrombosis or myocardial infarction is present. The electro- 
cardiographic changes supposedly characteristic of recent myocardial 
infarcts may be caused by some other factor such as myocardial 
ischemia brought about by sudden myoeai’dial insufficiency or by sud- 
den reduction in the force necessaiy to drive blood through the nar- 
rowed coronary arteries. 

The attempt to locate the position of the infarct from records ob- 
tained with the standard three leads is not feasible. If it is assumed 
that the location of the infarct determines electroeai’diographic types, 
this study shows that there must be other factors which modify the 
contour of the electrocardiograms. 

The variability of the electrocardiograms taken when infarction was 
not present suggests that the changes seen in coronary sclerosis and 
myocardial fibrosis are not due to the fibrous replacement — ^unless there 
is serious interference with the conduction pathways — ^but are evidence 
of damage to the intact myocardium accompanying the lessened blood 
supply through the arteriosclerotic eoronaiy arteries. 

Pain definitely or reasonably referable to the heart occurred in 18 
of the 34 patients. • There were only four instances in which an attack 
of pain unrelated to effort could reasonabty be coiTelated with the 
occurrence of coronary thrombosis or myocardial infarction, yet coro- 
nary thrombosis was encountered 32 times. On the other hand, coro- 
nary sclerosis and myocardial fibrosis alone were present in four in- 
stances at the time attacks of pain unrelated to obvious effort' occurred. 
The duration and severity of pain were found to be unreliable guides 
in diagnosing coronary thrombosis and myocardial infarction, 

Thirteen of these 34 patients did not give any history of cardiac 
pain. Congestive heart failure, debilitating disease, or clouded sen- 
sorium may explain the absence of pain in a few of these patients but 
not in the majority. Some of the so-called "silent'' coronary acci- 
dents occurred while the patients were in the hospital. Sudden dysp- 
nea may be the only clinical sign of coronary thrombosis. 
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Myocardial infarction was usually associated with fever, although 
in three instances it was not. In every instance of recent infarction 
in which a white blood cell count was made, leucocytosis was found. 
When previous blood pressure readings were available as controls, a 
fall in arterial pressure coinciding with coronary thrombosis was usu- 
ally noted ; but in at least four patients the arterial pressure was well 
maintained or actually rose. Recent or organizing pericarditis oc- 
curred nine times, but a friction rub was heard in only four instances. 
The friction rub does not indicate that the infarct is located anteriorly, 
since in two of these four the infarct was found in the posterior ven- 
tricular wall. The pulse was usually rapid and of poor quality. Ily- 
perpnea of varying degrees, occasionally dyspnea, occurred immedi- 
ately following coronary thrombosis whether or not pain was present 
Pallor, sweating, and weakness were inconstant signs. 

Pulmonary infarction following myocardial infarction may be due 
to emboli from mural thrombi of the right auricle or right ventricle. 
The incidence of carcinoma of the gastrointestinal tract Avas rather 
high (15 per cent). Diabetes mellitus in our sei’ies Avas not so fre- 
quently present as might be inferred from the recent literature. The 
fact that the pain of coronary thrombosis may appear only in the 
upper abdomen has been emphasized so much that there is danger of 
overlooking abdominal lesions. 

Anesthesia and surgical procedures may precipitate coronary throm- 
bosis or conditions leading directly to death. The cardiac status of 
patients in the fourth decade or later, upon A\’hom operation is con- 
templated, should therefore be carefully eA’aluated. 

Not coronarj’" thrombosis nor myocardial infarction nor coronary 
arteriosclerotic occlusion can be the anatomical equiA-alent of angina 
pectoris because these lesions Avei’e found not only in the presence of 
angina pectoris but also in patients aa'Iio never had attacks of 
angina pectoris. Besides, the.se lesions A\'ere not constantly present 
in hearts of patients dying folloAving attacks of angina pectoris. Only 
one anatomical change aa^s common to all hearts of patients aa'Iio had 
attacks of angina pectoris, namely, coronary sclerosis and mj'ocardial 
fibrosis. To the morphologist, coronary sclerosis and fibrosis of the 
heart mean a labile myocardium Avhich may fail suddenly. It seems 
that the sudden failure, or the SAibsequent events, is intricately linked 
Avith anginal attack in some manner as yet undetermined. 

In the present state of our knoAvledge. it appears impossible to dif- 
ferentiate clinically betAveen myocardial infarction brought about by 
coronary thrombosis and that folloAving arteriosclerotic narroAA’ing or 
occlusion of the coronary arteries. It is also difficult to determine the 
occurrence of coronaxy thrombosis and myocardial infai-ction elini- 
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eally, either because the thrombosis and infarct may occur “silently,” 
or because the characteristic picture may be found in the absence of 
thrombosis and infai’ction. 

We are indebted to the staff of Michael Eccse Hospital for tlic privilege of study- 
ing the clinical records of some of these patients. 
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THE HEART IN TYPHOID FEVER 

A Clinical Study op 30 Patients* 

William B. Porter, H.D., and N. Bloom, i\LD. 

Richmond, Ya. 

O pportunities for sludyin*? the cardiovascular system during 
tlie course of typhoid fever have been greatly lessened during re- 
cent years, so that little data based upon modern concepts of circula- 
tory disease have been accumulated. 

The most comprehensive study is that made by Brow^ during an 
ejiidemic of typhoid fever in 1929. He studied sixty-five patients and 
found that 21.5 })or cent shov.ed abnormal electrocardiograms at some 
pei'iods of the disease. Prolongation of the P-R interval was found in 
fourteen cases varying in extent from 0.21 sec. to 0.28 sec. The eai’licst 
change was noted on the eleventh day and the latest upon the foi’ty- 
third day of the disease. Only two patients showed T-wave changes. 
A careful ])hysieal examination of the heart during the course of the 
disease failed to show any evidence indicating heart failure or involve- 
ment of the myocardium. 

From 1923 to 1933, inclusive, 175 patients ill of typhoid fever have 
hecn treated on our medical service. During the past four years we have 
selected thirty for special cardiovascular studies. Of these, twenty-nine 
gave no history or phy.Nical evidence of previous circulatory disease, and 
one patient with a history of two attacks of rheumatic fever had the 
l)hysical phenomena of mitral stenosis. 

The routine adopted during this study consisted of daily blood pres- 
sure estimations, electrocardiograms once a week, with repetition every 
third day if changes were found, a daily clinical .study of the cardio- 
vascular sy.stem, noting particularly ])henomena indicative of heart 
failure of the congestive type, arrhythmias, murmurs, ([uality of the 
first cardiac sound, and cardiac size. 

The treatment emi)hasized a high caloric diet, allowing 60 calories 
l)cr kilogram of body weight. Its composition was protein, 2 gm.; 
carbohydrates. 5 gm.; and at least 50 c.c. of fluids per kilogram of body 
weight. No drugs were i)rc.scribcd except simple remedies to control 
delirium, cough, diarrhea, and re.stlo.ssnc.ss. No remedies which affect 
the heart oi- vascular .system were pre,scribed. 

•l-Yom the M^>^Uc.^I St rvlco. HoypUal Divl.don. Mcdic.'vl Collcce of Virplnl.-i. 
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Table I gives a summary of the pulse rate, average blood pressure, and 
the significant electrocardiographic deviations from the normal in those 
patients shoving abnormal electrocardiograms. 

DISCUSSION 

Elcctrocardwgrams. — Forty-six per cent of the patients showed 
significant changes in the electrocaidiogram. The earliest change noted 
was on the ninth day, and the latest on the forty-fourth day. It is 
significant that the disturbances observed in the electrocardiograms 
continued in most instances for a brief period, lasting in only ttvo in- 
stances longer than six days. In every patient the electrocardiograms 
eventually became normal. In not a single patient was there any 
disturbance of cardiac rhythm except a moderate degree of sinus 
arrhythmia ohseiwcd in an occasional patient during convalescence. 

Lewis* states that conduction defects occur only in the severe types 
of infection. In our series there was no noticeable difference in the fre- 
quency of electrocardiographic changes in those with clinically severe 
infections and in those with mild infections. 

Chagras’ observed that inversion and diphasic T-waves were the most 
frequent alteration in the electrocardiograms. 

Our findings arc in accord with those of Hyman'* and of Brow, who 
both noted prolongation of the P-R interval as the mo.st frequent dis- 
turbance of cardiac mechanism. 

Cardiac Murmurs . — One patient on admission had the physical 
phenomena of mitral stenosis. He gave a definite histor)' of two attacks 
of rheumatic fever, at the ages of fourteen and nineteen j^ears. No addi- 
tional changes were noted in the physical phenomena or elcctrocardio- 
gi’ams during the course of a very severe typhoid infection. Only two 
other patients showed murmurs during the course of their illness. These 
two patients had repeated intestinal hcmori-hage with the consequent 
development of severe grades of secondary anemia. The murmurs were 
.systolic in time, heard both at the apex and over the base of the heart. 
At the time the murmurs were heard, the hemoglobin was 46 per cent in 
one patient and 39 per cent in the other. Following transfusions with 
a partial relief of anemia, the murmurs disappeared. No endocardial 
or pcincardial murmui*s were heard in any of the patients, indicating 
that neither pericarditis nor endocarditis developed to a degree suf- 
ficiently significant to produce the usual phenomena of these conditions. 

Hc/irf Size . — Special effort was made to determine whether cardiac 
dilatation occun-ed dui-ing the coui-se of t>iihoid fever. Ecliance was 
placed principally on the position and character of cardiac apex in de- 
termining heart size; nevertheless, in ten of the patients seven-foot x-ray 
plates wore used. In only one patient was there any evidence of con- 
clusive eliaraeter indicating that cardiac dilatation had occurred. In 
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this patient, in whom repeated intestinal hemorrhage occurred, there 
was an excursion of 1.5 cm. of the left border of the heart to the left. 
In none of tlie remaining twenty-nine patients could there be demon- 
strated phenomena indicating that there Avas a material change in the 
size of the heart. This statement is applicable both to those who showed 
changes in the electroeardiograms and to those wdio had normal elec- 
troeai'diograms. 

Heart Sounds . — The first heart sounds in typhoid fever are notably 
w'eak in quality. Frequently in this study tlic heart sounds were re- 
corded as being short in duration and muffled or distant in quality. 
While this phenomenon is observed in practically all patients during 
the active stage of typhoid fever, its .significance is difficult of inter- 
pretation. It might be interpreted as meaning that heart muscle 
pathology existed, yet this suppo.sition w'as not substaiitiated by cardinal 
phenomena of congestive heart failure, and a gallop rhythm w'as never 
observed. The second sounds w’erc not significantly altered except in two 
patients. In these two it was noted that the intensity of the second pul- 
monic sound was inei*eased. 

Blood Pressure . — As has been previously observed the blood pressure 
has been relatively low in all of the patients studied. This is true of 
both the systolic and diastolic pressures. After the occurrence of in- 
testinal hemoiThage, there frequently follows a critical fall in both the 
systolic and diastolic blood pressures. This is a more sensitive index 
of the occurrence of hemorrhage than the rectal temperature, for w’C 
have frequently observed blood ])ressure changes with no significant 
temperature alterations. 

Heart Failure . — In a review' of 175 patients Avho had typhoid fever, 
thirty of whom are included in this study, not a single patient has shown 
the phenomena characteristic of congestive heart failure. This is 
significant for Mari’is^ obseiwed high venous pressures in - typhoid 
patients. In none of the patieiits in this series Avas there clinical or in- 
strumental evidence of general venous hypertension. Occasionally 
moderate distention of the veins of the neck occurs in those patients aa'Iio 
have marked degrees of tympanitis, yet the A'enous distention disappears 
Avith relief of abdominal distention. 

Pulmonary edema associated Avith left ventricular failure did not 
occur in a single patient except as a terminal event in those Avho Avere 
dying from complications, such as typhoid perforation. It AAmuld be 
reasonable to expect ventricular failure in patients in AA'hom toxic de- 
generation of the heart muscle is apparently a rather common complica- 
tion; yet, from a study of this series, it appears as if an inhibiting factor 
prevented such serious disturbances of heart muscle function. 
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Sl’MMARY AXD COXCLUSIOXF 

1. Of the thirty patients, 46.6 per cent showed sigrnificant changes in 
the olcetrocarcliograTiis, alfhongh the changes were transient in nature. 

Tlie fact lliat evidences of cardiac dilatation and lieart failure were 
strikingly absent suggests that the jiathological changes which were re- 
siionsible for the electrocardiographic alterations were either mild in 
degree or were localized. 

2. No disturbances of rhythm occurred; a galloj) rhythm was not ob- 
served; and there was a notable absence of the phenomena of congc-stive 
failure. 

3. From a clinical viewpoint the heart, iircscnts no significant prob- 
lem in the treatment of typhoid fever. 

4. A study of the literature dealing with t\n)hoid fever prior to the 
use of high caloric diets indicates that the toxemia of the disease was 
much greatc-i' and serious cardiovascular complications were common. 
Comjiaring the recent studies of Brow and the .studies herein reported 
with former studies,'’’ one ventures the conclusion that the reduction in 
the serious circulatory complications may be attributed to the character 
of the diet now employed in the care of typhoid patients. 


REFEREXCE.S 


1. Brow, G. R. : Tlie Heart in Typlioul Fever. Cunatl. M. A. J. 20: COG, 192!). 

2. Lewis, Sir T.: Clinieul Disorder.? of the Heart Beat, New York, 192.'), Paul B. 

Iloelier. p. 22. 

:t. Chagras, E.: Electroeardiograpliic Changes in the Heart in Tvphoid, Com])t. rend. 

Soc. de Biol. 106: GO.'), lO.'H. 

•1.' Hyman, A. S.: M. J. S- Roe. P24: 698, 1926. 

a. Marris, H. C. : Venou.® Piwsure.s in Enteric G.-ou]) of Fevers, Qua.rt. .1. Med. 11: 
3.89. 1918. 

(!. O.slor, William: The Principles and Practice of ModiidTic. Edinhurgh and London, 
ed. I, 1892, Young .1. Pentland. 



ON THE USE OF CHEST LEADS IN CLINICAL 
ELECTROCAEDIOGRAPHY 

Irvikg R. Roth, M.D. 

New York, N, Y. 

S INCE tlic introduction of Lead IV by Wolferth and "Wood in Janu- 
ary, 1932,^ the use of chest leads has become popular as a routine 
procedure in clinical electrocardiography. It has stimulated an interest 
which led cardiographers and clinicians to make further search for leads 
that might disclose evidences of mjmeardial damage not readily dis- 
cernible in the standard leads oi'iginally adopted by Einthoven. Conse- 
quently various combinations of chest electrodes, or combinations of one 
chest and one limb electrode, have been employed to “improve” on Lead 
IV. Some have advocated multiple combinations or liook-ups, advancing 
the contention that when Lead IV fails, some other chest lead of the 
group may serve. Nevertheless, up to date, Lead IV still holds sway. 

By this lead is meant a combination of two chest electrodes, one an- 
terior and one posterior. The right arm electrode is applied to the 
immediate vicinity of the cardiac apex, and the left arm electrode* is 
applied to the dorsum — slightly above and slightly medial to the angle 
of the left scapula. Tracings derived by this lead, it has been claimed, 
disclose evidences of myocardial involvement at times when they are not 
readily seen in the standard leads. For the normal tracing recorded 
by this lead, 'Wolferth and Wood presented criteria essentially as follows: 
The P-wave is negative and small; the QRS is large, diphasic, and its 
initial deflection is negative; the T-wave is large, negative and is pre- 
ceded by only a very short isoelectric period. The outstanding feature 
of this tracing is a magnification of the entire ventricular complex with 
an inversion of its principal components. 

Obviously then, abnormalities in Lead IV are manifested bj’’ altera- 
tions in the ventricular complex. A shallow or upright T-wave or an 
absence of the initial negative deflection in the QRS complex Avould con- 
stitute abnormalities in Lead IV. A deviation of the RS-T segment in 
Lead IV has the same clinical significance as in the standard leads. 

To Lead IV, Wolferth and Wood soon added Leads V and VI. This 
simply meant additional combinations between the two chest electrodes 
mentioned and the left foot ; Lead V recording the potential difference 
between the apex electrode and left foot; and Lead VI, the potential 
difference between the dorsal electrode and left foot. For reasons to be 

W*” electrode and left arm electrode refer to electrodes situated anywhere 
on the body surface, so long as they are attached to lead cables which in standard 
electrocardiography are connected with the right arm and left arm respectively. For 
eiei^t Art electrodes will be designated in this article merely as the R and L 
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explained later, Lead Y is essentially of the same configuration as Load 
IV, and in the light of our present knowledge Lead VI is of no particular 
value because it yields small deflections, generally smaller than any of 
the standard leads. 

The presentation of Lead IV as an aid in clinical electrocardiography 
came to us at a time when it was felt by many that the use of the elcctro- 
cai'diogram had nearly reached the height of its potentiality as a diag- 
nostic aid. It came at a time when we were much puzzled by minor 
changes in the ventricular portion of the electrocardiogram. The pros- 
pect of solving them seemed remote, and this, in spite of our having en- 
tered the fourtli decade of electrocardiography. 

The normal electrocardiogram had been deciphered in great detail b.v 
tiio old masters over thirty years ago. Common deviations from normal, 
as found in disorders of cardiac rate and rhythm, have been presented 
’■epcatedly, and their meaning has been clarified. Abnormalities in the 
auricular P-wavc indicating anatomical or ])hysiologieal changes in the 
auricles have become common knowledge. Some twenty years ago cer- 
tain changes in the initial ventricular complex (QRS) had been de- 
scribed, leading to inferences as to types of defect in intraventricular 
conduction. About ten years ago Ave had added valuable information as 
lo the meaning of gross changes in the terminal portion of the ventricular 
complex (R-T and T) in estimating the degree and locating the site of 
damage in the ventricular myocardium, due to coronary occlusion. Sub- 
scciuently our knowledge Avas extended to include the meaning of similar 
R-T and T changes in other conditions producing localized impairment 
in myocardial function, as in the i)ericarditides, inflammatory, neoplastic, 
and traAimatic lesions of the myocai-dixxm. The names of the Avorkers 
Avho have made these valuable contributions, decade by decade, need 
not be mentioned here. They arc recorded in all modern texts dealing 
Avith the elements of elect rocardiogi'apby. 

In the foregoing it has been our object to emphasize, in an approxi- 
mately chronological order, the gradual, sIoav rate of accumulation and 
the subsecpient sum total of our knoAvledge in electrocardiography AA'hen 
Lead IV Avas introduced. In this connection it .should be .stressed that 
Avhen this special load Avas introduced, aa’o AA'cre preoccupied principally 
with the study of T-waA'cs and R-T changes as ])ossible indications of 
myocardial damage and that in the .study of these avc have been able 
lo interpret the meaning of gross changes only. Zilinor A-ariations in the 
terminal phase, of the. electrocardiogram have been meaningless and are, 
in a measure, meaningless today. Experiments on hearts of animals 
liavc not been productive of information beyond the localization of gross 
lesions, “anterior’' or “jiosterior'’ surface lesions. Elect rocardiogi’apby 
Avas in a state of apparent standstill or, at best, at a stage of very sIoav 
progress. It Avas at this time that Lead IV Avas .oflered as a further 
means of information, and. naturally, the subject Avas received Avith a 
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great deal of enthusiasm. The literature that followed with intentions 
to confirm and presumably to elaborate on the usefiilness of Lead IV, re- 
flected this enthusiasm unmistakably. Some of the earlier literature 
seems to have been colored by it as if expressing a Avish that chest leads 
Avould do what the standard leads could not do. 

Several articles appeared in the literature in rapid succession, con- 
firming the “criteria” for Lead IV, and endorsing its adoi)tion as a part 
of routine electrocardiograpliy. These articles api)eared at a time Avheu 
the originators of Lead IV seemingly had not as yet crystallized their 
own ideas as to the value of chest leads as a clinical routine. They Avere 
still in the early experimental stage of their Avork. As their subsequent 
articles Avill shoAv, they advanced cautiously and came to tlieir conclusions 
only after long and pain.staking cxi)crimcntal studies. The literature 
Avill be revicAved in sufficient detail to bring out some of these points. 

The present popularity of chc.st leads as a routine electrocardiographic 
j)rocedurc, coming almost immediately in the Avake of the introduction 
of Lead IV, and the type of literature and investigations Avhich the in- 
troduction of this special lead has prompted Avarrant at this time a criti- 
cal reAdcAv of the literature as aa’cII as a careful examination of the role 
of chest leads in general, and of Lead IV in ]mrticular, as aids in clinical 
electrocardiography. Such an examination at this time may lead to a 
clearer understanding of the iiiA’cstigations AA’hich the introduction of 
Lead IV has prompted in the past and may point out the directions in 
which it further tends to stimulate the study of electrocardiography. 

In x'evieAving the early literature, one gains the unavoidable impression 
that, in the enthusiasm attending the introduction of Load IV, articles 
dealing AA'ith the sub.iect have, perhaps inadvertently, underrated ab- 
normal findings in the standard leads in cases used to illustrale the 
diagnostic advantages of chest lead tracings and that they haA'e corre- 
spondingly overemphasized the relatiA'c diagnostic value of abnormal 
chest lead findings. Such OA’-eremphasis has been exemplified in the litera- 
ture by the use of terms, such as “specific” and “bathognomonic,” in 
describing tracings derived by Lead IV, Avhile obviously abnormal stand- 
ard lead tracings are often characterized as haAung “no diagnostic 
value.” These statements Avill be strengthened by direct I’eferences to, 
and quotations from, leading early articles on the subject. . 

Although some of the comments accompanying the revicAv of the litera- 
ture may seem unduly critical, it should be understood at the outset that 
there is no intention to underestimate the value of contributions pre- 
sented by pioneers in this field. It is recognized that the Avork of some, 
Wolferth and Wood in particular, has been in a, measure inspiring and 
unquestionably .stimulating. It is pi’ecisely because of this, that a critical 
revicAV seems timely. It is hoped that such a revicAV at this time may 
tend to prevent publications based on limited experience and meagex’ 
iixformation from cx’eating impressio"'’ yalue of chest leads 
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which the oi-iginators of this work prolialily never inlended to create. 
There is also this to be considered. Minor changes in the ventricular 
complexes of the standard leads, though imiiorfeetly understood today, 
may prove to have a very significant meaning; but, if as a result of our 
entbusiastic preoccupation with chest leads we cultivate the tendency 
to underrate minor changes in standard leads, electroeardiograiihy may 
suffer a setback. And it may be slated safely that no particular chest 
lead or leads will displace the standard electrocardiogram, ]ierhaps not 
even in the study of localized myocardial damage. Standard electro- 
cardiograjihy is built on a firm foundation. It is the creation of a master 
mind. Its three components are not only di.stinctivc and individually 
informative, but they have the additional advantage of being interrelated 
with an almost mathematical jireeision, leading to wide information on 
cardiodynamies, beyond the jirovincc of chest leads. Furthermore, as 
pointed out by Wilson, the standard curves are comparatively unaltered 
by shifting of the electrodes. They remain constant and reliable in 
form. This is not true of chest leads.*' 

This brief digression into the properties of the standard electrocardio- 
gram and the implied caution that minor changes be not considered as 
having “no diagnostic value” will appear more significant as we enter 
uiion the review of the literature. 

In their original article. Wolferth and Wood' report two cases with 
clinical evidences of coronai-y occlusion. They state that Lead IV showed 
“unmistakable deviation” while the standard leads “yielded little or 
no diagnostic information,” excejit on the fourth day. Actually, perusal 
of their graphs reveals that the standard leads were also definitely 
abnormal. The first case, to be sure, showed only a shallow T,, which 
in the course of four days took on the form of a high take-off. However, 
in their second case the standard leads showed not only a shallow T, but 
also a definitely elevated KS-T .segment. Fui’thermore, the .standard 
electrocardiograms in both cases showed jirogrcssive changes from day to 
day. This we know to be strong presumiitive evidence of myocardial 
damage. The authors stress this important jioint also. 

In their next publication," the.se investigators jiromjitly caution against 
laying undue emphasis on the importance of Lead IV. They conclude 
that “the pui'iiose of the jaipcr is to show that Lead IV does not in any 
way rejilace the routine electrocardiogram but should be used as an 
ad.iunct to it.” 

Some of the other writers, however, had apparently failed to heed 
this timely warning. At any rate, they seemingly did not examine their 
standard leads critically and had almost uniformly conveyed the im- 
lirc.ssion that it is the chest lead which .servc.s as the ultimate criterion in 

•Wll.'-on” poliitcd out tluit .-ililrtitu; tbo limb olcrtroilr-.s ovrr (llffon-nt prirt.-; of tbi‘ 
. xlr. iuiu.s. with Ibo snlvunoiiK'tor :it norniul .‘^onsitivitv. ilot-s not approciriblv 

nltor tbo .“tanilrinl cb-ctroeunnoKraiu. proviiltal tbo ••b'ctroiic..: ' ronialn.al on tin- limb 
How.vif. If onv .l.-.troil,- Is transferred to tite tnink. dellnite ebanses are noted 
file" heai'r'""' '’>''i'»o'ine.d .•!.< tbe ebs-trole approacbe.^ tbe r.-Kion of 

©F. wV'lic- UbrsF^ 

n. lA. S. CoUcipi 
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the diagnosis of myocardial involvement. The several case reports which 
followed in the wake of these two publications clearly sliow an over- 
emphasis of the diagnostic value of chest leads, Avhile they generally refer 
to the standard leads accompanying them as showing “inconclusive 
changes. ’ ' 

One of these reports^ refers to tivo eases of coronaiy occlusion. The 
first case is that of a man forty-four years old with previous hypertensive 
heart disease and a history of status anginos^ls four days -before admis- 
sion. Thi'ee electrocardiograms were taken, one week apart. In this 
case the standard leads show definite changes indicative of myocardial 
damage while the chest lead shows only a corresponding T-ivave ab- 
normality. Yet, the authors make the startling statement that the “trac- 
ings show a pathognomonic R-T anomaly in the chest lead at the time 
that the conventional leads show only inconclusive changes.” Actually 
the chest lead shows only a diphasic T4 and a very slight depression of 
(R-T) 4, approximately 2 mm. As their second case, these authors present 
an electrocardiogram consisting of four leads taken about six months 
after a coronary episode. Lead IV shows an upright T-wave. The 
authors present this ease as an evidence of the persistence of a “chest 
lead anomaly six months after a coronary occlusion.” No mention is 
made of the fact that T^ of the standard leads in this case also shows a 
conspicuous inversion (patient had no hypertension) . The upright T., 
is obviously the usual counterpart of an inverted T^. This article clearly 
overemphasizes the diagnostic importance of the chest lead while it defi- 
nitely underrates the value of the standard leads. 

Another report^ refers to three eases. The first of these eases is 
irrelevant. The patient had three successive seizures of angina pectoris. 
He died during the last attack. Standard leads were taken after the 
first seizure. They were not significant. No chest leads were taken. 
The ease is recorded in a tone of implied regret, e.xpressing the assump- 
tion that if Lead IV had been taken, myocardial damage might liave been 
disclosed. The second case is presented merely as an example of an ab- 
normal Lead IV. In this case the standard leads are also definitely 
abnormal and are suggestive of a left coronary occlusion (T^ type). 
The third case is important in that a diagnosis of coronary occlusion is 
made on Lead IV alone. This is a case of a thirty-nine-year-old man who 
had given a histoiy of an occasional substernal pain “on bending over or 
picking up heavy objects.” One day, while at rest, he became dizzy and 
developed continuous precordial pain, lasting fifteen hours. The pain 
was not intense; it was “bearable.” He received morphine to relieve 
his “nagging” pain. Physical findings were negative. Electrocardio- 
graphic standard leads were normal. "With reference to the chest lead 
the writer states that “Lead IV was characterized by a depressed S-T 
inteiwal and an inverted T-wave.” The case report concludes: “This, 
with the clinical history justified the diagnosis- of a coronary occlusion. 
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in spite of the meager physical findings.” The depi-ession of (S-T)^ 
rcfeiTcd to -was less than 2 mm., and the negative T-vave in the chest 
lead was obviously not abnormal. (Case 3, Fig. 4, pp. 422, 423 of publica- 
tion cited in reference 4.) This case report is discussed at length be- 
cause it is an e.xample of overestimating the meaning of Lead IV. The 
clinical diagnosis in this case may have been correct, but the chest lead 
certainlj- was not the determining factor in the diagnosis as the con- 
clusion implies. This is clearly an example of overemphasis, definitely 
not in accordance with the intentions of the original investigators who 
introduced Lead IV, as subsequent reference to their work will show. 

Liberson and Libei*son^ rejiort a sei-ies of 75 eases of which 20 were 
normal, 50 ‘‘cardiac suspects,” and 5 ‘‘coronaries.” They have modi- 
fied the technic of Wolferth and Wood in that they placed the L elec- 
trode anteriorly and the R electrode posteriorly, presumably with the 
purpose of having the main deflection of the chest lead follow the direc- 
tion of similar deflections in the standard leads. They established eriteiia 
for the normal chest lead which were essentially the same as those of 
Wolfeiih and Wood, except that in their modified chest lead the main 
deflections have opposite directions. In their ‘‘Lead IV,” naturally, 
the initial ventricular complex has a conspicuous S-wave instead of the 
Q-wave, and the T-wave is xipright. (Wolferth and Wood in their orig- 
inal paper stated that this arrangement of the electrodes was optional.) 

These writers report an illustrative, case to show that the chest lead 
may iioint to a diagnosis of coronary occlusion, ‘‘where neither the clin- 
ical picture nor the standard leads suggest it.” It is true that the chest 
lead in this case showed a conspicuous deviation of the RS-T segment, 
suggc.stive of an acute myocardial involvement; yet, the clinical picture 
and standard leads taken at this time wci'c also highly .suggestive. The 
patient complained of an ‘‘uiiset stomach” and had a fall in blood pres- 
sure from 170/90 to 120/66. Furthermore, the standard leads showed 
diphasic T-waves in Leads I and II with definite “coving” of their first 
poi’tion. 

The authors state, furthermore, that in this ease the S-T changes noted 
in the chest lead occurred “fully three weeks before similar changes in 
the standard leads” [italics mine]. This is apparently an erroneous con- 
clusion, based on an imiierfect appraisal of the clinical hi.story. Accord- 
ing to their records, the ]ialicnt in (luc.stion left the hosjiital after his 
first attack, “ ihqu'ovcd.” lie was readmitted fourteen days after the 
first tracing had been taken, because of an attack of abdominal and ehe.st 
]K\in associated with dyspnea. On readmission, he was “acutely ill” 
and had a thready jiulse, tcmiierature, and Icucoeytosis. Electrocardio- 
grams taken five days later showed marked S-T changes, lint this time 
tin changes aijjiearcd in Leads 11 and III of his .standard electrocardio- 
gram. The chest lead showed only a shallow T-wave. and no S-T devia- 
tion. This patient a]>parently had a fre.sh myocardial insult (a pos- 
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terior wall injury) revealed this time by the standard leads only and 
the changes in the standard leads were not, as the authors indicate, “the. 
appearance of changes at a later date — three weeks later.” 

In a study of Lead IV, Katz and Kissin® examined a group of normal 
individuals and some with myocardial disease, including eleven who had 
recent coronaiy closure. On comiiaring Lead IV with standard leads in 
the same patients, they grouped their eases as follows: (1) those with 
characteristic changes in Lead IV and the standard leads; (2) those 
with characteristic changes in the standard leads only; and .(3) those 
with chai’aeteristie changes in Lead IV only. Their standard lead trac- 
ings in subgroup (3) though not “eliaraetcristie,” arc nevertheless ab- 
normal (Pig. 3e, 4a, 4b, 4e in the article cited in reference 6). At any 
rate, in a strict sense, the group does not show changes in “Lead IV 
only.” 

They add their eleven cases to the five previou-sly reported by "Wol- 
ferth and Wood and state that .seven out of this group of sixteen cases 
“show specific changes in Lead IV onh'.” The changes in the standai*d 
leads accompanying Lead IV in this group arc not conspicuous, to be 
sure ; yet these tracings .show definite abnormalities, sufficient to indicate 
myocardial involvement. At any rate, the changes in this group are not 
confined to Lead IV only. Furthermore, the designation of the cardio- 
graphie changes in Lead IV as being “specific” is open to objection. 
I’he validity of such a designation would depend essentially on the inter- 
pretation of the tracing in the light of a clinical syndrome. As a diag- 
nostic criterion in structural heart disease no electrocardiogram per se 
maj’^ be termed specific. The instrument essentially records physiological 
events. It depicts anatomical changes by inference only. As further 
evidence that the term “specific” is not a suitable designation for ab- 
normalities in tracings derived by Lead IV or, for that matter by any 
lead, these writers themselves add in tlicir summary that “the presence 
of any abnormalities in Lead IV are to be considered in the same way 
as abnormalities in the ordinary lead. . . . They are less significant when 
thej’^ occur alone than when they are accompanied by other electrocardio- 
graphic evidence pointing in the same direction.” In the light of these 
statements then, may it not be asked, “Wherein are they specific?” 

Hoffman and Delong^ rejiorted a study of chest leads of 125 normal 
eases and a .small series of pathological cases. These writers empha- 
size an important point worthy of special note, namelj^ that there are 
changes in the chest lead tracings on slight change in the position of the 
antex’ior electrode. 

Their pathological eases they group as follows : (1) those showing nor- 
mal standard leads and abnormal chest leads; (2) those showing ab- 
normal standard leads and abnormal chest leads; and (3) those showing 
abnormal standard leads and normal chest leads. 
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In their first group designated as showing normal standard and ab- 
normal chest leads, careful examination of the tracings clearly reveals 
minor variations in the standard leads (shallow and T„, slight inver- 
sion of Ti, low voltage QRS, and shallow diphasic T„). These changes 
are sufficient to stamp these standard leads abnormal. In fact, they are 
suggestive of anterior lesions in those patients who have had a coronary 
episode. In their third group in which the standards were abnormal and 
the chest normal, the standard leads show conspicuous changes of 
the T„ and type. This group exemplifies the limitation of chest leads 
and the indispensability of .standard leads. 

These workers confirm the important observation of AVolferth and 
Wood, that at times changes in the ehe.st load do appear before they are 
conspicuous in the standard leads. This is a valuable projierty of che.st 
leads when present. But these workers add, Avhat seems equally impor- 
tant, that frequently chest leads revert to normal before the standard 
leads. The importance of this lies in the fact that it lends emphasis to 
the interdependence of chest leads and standard leads. Where one fails, 
the other may aid. They ohserved also that in a few instances the chest 
lead remained abnormal for many months after the standards became 
normal. This is interesting, but the question may be raised as to what 
criteria have hcen used in the evaluation of the standard leads. From 
the literature reviewed thus far it ajqiears that, while we are busily 
jireoccupied with establishing criteria for chest leads, we seemingly have 
not, as yet agreed on uniform criteria as to what constitutes a normal 
standard electrocardiogram. When standard lead tracings are prop- 
erly evaluated, it is found that they, too, remain abnormal for many 
months, at times oven for years. 

GoldbloonF reports 25 normal eases and a group of 40 ambulatory 
cardiac cases. Out of the latter group, 13 were ])reviously observed and 
treated for coronary artery disease with thrombosis. In his studies the 
writer had used anteroposterior as well as posteroanterior chest leads, 
lie concludes that 30 per cent of his cases of coronary thrombosis show 
an abnormal Lead IV, “whereas the routine three leads are negative.” 
This conclusion is based on 13 cases of which 4 cases constitute the 30 
per cent. The writer prc.sents a table of relative “evaluation” of the 
four leads in this group (p. 406 of pid)lication cited in reference 8) ; 
but the table actually fails to show normal standai’d leads in the four 
cases mentioned as constituting the 30 per cent. Two of these cases 
show abnormal T-waves in two oiit of the three standard leads. The 
tiiii'd case shows a negative T; (the O'-wave must therefore he negative 
in one other load). The fourth case has a diphasic T- (here. Load I 
must also be diphasic, if the galvanometer string is of the same standard 
tension in both leads). In a measure, the writer is .iustified in his con- 
clusion, if regarded in the light of the criteria he sets for his .standard 
leads. For an abnormal standard electrocardiogram to be indicative of 
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myocardiiil (iaiuiim*, he riapiirfs a “lii!*!! laUc-off of ilic 'I’-wavi-” (»r 
“di])l)!isi(> T-\viivcs in nuno limn nin* Inad.” On the oIIht Iniini in sotlin^ 
for an alnionna! liCad !V, In* iiiakrs no minii'c- 

mont, sucii as a tlcvialion of ilii* KS-T M-tiinonl. He rciranls Lead IV 
alniorinal \vln'novcr liic T-\vavo is “al>s(*nt*’ or “npriL'lit” inil dors not 
stress an e(iually siunilieant shallow <ir invented T-wave in head I, In 
conformity with previous arlieles. lien- loo, tlic wrilor presents a ease to 
iilnstrate that an ahnormal head iV may persist fur a lontr time after a 
coronary oeelusion. lie does not mention, however, that the aeeompaiiy- 
Hitr standard leads also sliow a detinilely ahnoinia! 'I’-wave in head I, 
which is eipially important. 

Thi‘se articles and ease rep(»rls, de.'dine with chest leads, .are inl«Test. 
ini' and instruetive in that they disclose a slioii” ieii<ieney to over- 
emphasize the vahu' of a diaunosiie preecdnre \vhieh as yet has heen 
hut imperfectly mastered. This temlency hc'peahs a wish, it seems, for 
r.n open sesame into the hidden realms ami maidfold soiuestered chan- 
nels that lead to a diagnosis in eases of myocardial diseas<*. Practically 
all traeinirs pri'senled as oroiips showing normal st.-uidard le.ids with 
ahnormal chest leads, actually show ahnormal standard leads as well. 
These ahmirmalities. to he sure, are not conspicuous. They are eharac- 
terizcd hy a shallow or inverted T-wave only; hut the ah)torm;i!iti«*.s iti 
the standard traeinus of the "loup are <;eneraily contineii to head 1 or 
he.’ids I and 11. Sm-h findinus .are clearly ahnorm.al and are often 

imlieative of mvoeardial •lamat'c. This was recognized verv earlv in 

♦ • * 

electrocardiooraphy. Mven lainthoven'’ in his early studies on the elcc- 
ti'ocardioirram ehairly pointial <»ut not <inly that T. and T_. art' normally 
alwa.vs upright hut that “if one finds a shallow or neoativi' T-wave in 
head I or in heads 1 ami 11. one deals with a disejisi-d he.-irl muscle, 
whose j'atholoirieal <leviation denotes a muscular insuriieieney or niyo- 
<!< (j( u r rn ( w cord is . ' ’ 

hhirtherinore, in cases cited in the literature :is .showite.; “eonspieuous,’’ 
“sjjecific.” or “ patlmunomonie” ehanu'es in head IN', while the aecom- 
panyinjr standard leads presumahly showed no ahnormnlily. we lind that 
such changes iti head IV were indicated in tlu' majority of cases oidy 
hy an ahnormally directetl T,. This, however, may not he taken as a 
pathoirnomonic chaufie. It doi's not necessarily denote any more llnni 
an ahnormally din'cted T,. 

A perusal of the records atul a .study of the data puhlished in tlu' 
literature, added to j)er.sonal ohservations, point eonvincinuly to the fact 
that a considerahle uumher of eUs-lroeardioiirrams showinu ahnormal 
standard loads arc not aoeomj)anie<l hy ahnormalitics in head IV. and. 
furthermore, that an almormal Lead IV with a normal standard elee- 
troeardiojiram is oxtremel.v rare. The poiiit seems to have heen missed 
unifoi-mly, that a oonspieuous, ahnormally directed T, cannot he present 
in an elect roeardio'rram which has a Avell -defined, normal, ujiright T,, 
The two are ineomjiatihlc. 
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Tlie confusion that attended the early literature on chest leads (Lead 
IV) has been considerably clarified by the a])pcarance of an article 
by Wood and Wolferth’" on experimental coronary occlusion. This com- 
munication deals with carefully controlled experiments in which these 
workers occluded major branches of the coronary arteries through slits in 
the pericardium. With this technic, the anterior surface of the heart not 
being exposed, they were able to record electroeardiogra])hic changes in 
chest leads of antei-ior as well as posterior lesions. The changes in 
the chest lead tracing, which they emphasize, is the RS-T deviation and 
not the mucli-misunderstood T-wavc. The abnormal T-wave is a later 
change. Tlie chest load tracings in these modified experiments, they 
observed, rc.sembled very closely those derived by leads taken directly 
from the hearts of their experimental animals. It was this observation 
which led to the use of the anteroposterior chest lead in human subjects 
suspected of coronary oeclusiom Unfortunately, this pulfiieation aji- 
])cared late. It was held up “in press” for about thirteen months. The 
cardinal points brought out by these experiments may be summarized 
as follows; 

1. Occlusion of a major branch of a coronary artery ])roduce.s an RS-T 
deviation within about two minutes. 

2. With the R electrode placed anteriorly and the L electrode ])os- 
torioi'ly, an anferior infarct produces a depresaion of the RS-T segment 
while a posterior infarct produces an elevation. 

3. The results arc .similar to those obtained by leading directly from 
the heart. 

These workers do not claim that their findings in the dog are neces- 
sarily transferable to man. In this ai-ticle, as a further aid in diagnosis, 
they advise also additional chest leads, namely, from ajiex to foot and 
from doi'sum to fool, Leads V and VT. 

The subject of che.st leads in the study of coronary occlusion takes on 
new and added interest as we follow the woi’k of Wood and Wolferlh 
and their collaborators. In one of their more recent publications” they 
]>resont electrocardiographic observations and report necropsy findings in 
cases that were studied by means of three standard leads and three chest 
leads. They confii-m their previous conclusion to the effect that in an 
acute anterior infarction, in addition to whatever the .standard leads 
may show, eliest leads, especially Leads IV and V, show a conspicuous 
negative deviation of the RS-T segment. They report, furtheimore. that 
in this type of m.vocardial damage the initial negative component of the 
QRS, seen in the normal che.st lead, tends to disappear. This has been 
pointed out also by Wilson. Barker, IMaclood. and Klostennyer.’- As 
recovery takes ])lace. Wood and Wolferth maintain that the negative 
RS-T deviation gradually gives way to an U])wai'dly directed T-wave ; 
but that the initial negative component of the QRS which di.sajpjcarcd 
during the acute injury docs not tend to reappear for some time. 
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To this obsciTalion the writers attach considerable iin])orlance. Tliey 
believe that an absence of the characteristic initial downsiroke of the 
ventricular complex in chest lead tracings denotes a residual stigma. 
In other words, that the absence of a Q-wave in Leads IV and V may 
be taken as presumptive evidence of a prior injury to tlic anterior 
ventricular wall along the course of. the anterior descej\ding branch of 
the left coronary artery. This is an interesting obscrvatioji indeed and, 
if confirmed in a sufficiently large series of cases, will serve to establish 
the value of chest leads more securely as a routine procedure in clinical 
electrocardiography. 

In this article the writers reiterate their previous slatemcnt to the 
effect that in coronary artery occlusions which produce infarctions of the 
posterior ventricular wall, che.st leads “often show no abnornuil find- 
ings.” In such lesions it is well known that changes in the .standai'd 
Leads II and III stand out preeminently and by far ovei’.shadow the 
chest leads. Yet, since in thc.se lesions standard Leads II and III as 
well as chest Leads IV and V generally show also eons])ic\ums negative 
deflections of the first limbs of the QIIS com])lexes, namely conspicuous 
Q-waves, the chest load tracings may serve an important purpose in. pos- 
sibly disclosing a ])rovious anterior wall injury. This they might dis- 
close by the absence of Q-waves, the residual stigma discussed in the 
foregoing paragraph. 

In the light of the foregoing, chest leads may then be viewed as being 
of aid at least in two perplexing clinical problems relating to injuries 
of the left ventricular myocardium. A conspicuous deviation of the 
RS-T segment may be regarded as being indicative of an acute or recent 
injury, and the “residual stigma” — ab.sent Q-wavc — of an old injury to 
the Avail of the left ventricle. 

Thus the literature on chest leads, although in the main insufficiently 
informative, leads ns neverthele.ss to the conclusion — e.ssentially on the 
basis of the work of Wolfcilh and lYood — ^that evidences of certain types 
of myocardial damage may be disclosed by special leads in Avhieh one 
electrode is located over the prceordium. This docs not im])ly that the 
methods employed at present neces.sarily serve fiTlly to eai’ry out this 
purpose. In fact, there remains a .seeming need for a ]n'0])er a])praisal 
of the methods now in use, particularly since chest leads, judged by the 
popularity they have attained, ])robably are destined to remaiii as an 
integral part of clinical electrocardiography. 

In order to maintain a proper perspective in our endeavor to evaluate 
special leads as aids in clinical electrocardiography, let it be recalled 
that electrocardiography by means of chest leads is not new. In fact, 
it is one of the oldest of cardiographic procedures. The first human 
electrocardiogram ever reported Avas derived by means of a chest lead. 
'Waller,^® using the capillary electrometer in the study of the electrical 
effects of the human heart and desiring ti'acings Avith maximal deflections. 
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iniploycd apex leads. Einthovcn and deLinl,*'' in a study of the relative 
forms and amplitudes of the prineiiial eomiionenls of the electrocardio- 
gram in human subjects under alternating conditions of rest and vigor- 
ous exercise, found it convenient to use chest leads. It was their object 
to record the greate.st jjo.ssible deilcetions in order that they might 
evaluate minor differences in the amplitudes of corresponding complexes, 
as a result of removal of vagus tone by exercise. 

Shortly after the introduction of the string galvanometer, however, 
chest leads were discarded as a routine ])rocedure in the study of the 
electrical effects of the human heart. The siring galvanometer yielded 
ami)le deflections in limb leads. Furthermore, the limb leads finally 
chosen by Einthoven had proved to have certain remarkable properties 
not. possc.ssed by chest loads. They were found to be related to one 
another and to a common hyjiothctical re.sultant electrical axis, so that 
all three could be exprc.ssed as functions of a single variable. This inter- 
relation iicrmitted interesting calculations as to the value of the manifest 
body potential as well as to the behavior of the electrical axis in hearts 
of certain size and configuration.'-' In addition, the constancy in form 
and amplitude of any one of the throe limb leads in relation to syn- 
chronous events in either of the other two leads stood out in great con- 
tra.st to the inconstancy of tracings derived by means of chest leads. 
Soon after the introduction of the string galvanometer, therefore, par- 
ticularly as a result of the recognition of the jiroiiertics of limb leads, 
it was a natural consequence that chest leads as ii routine should be 
discarded. After this, che.st leads may be said to have been emjiloyed 
only in special investigations, especially in those concerned with the 
study of individual comjxments of the electrocardiogram in certain types 
of abnormal heart action, or in the .study of sjiecial jihysiological prob- 
lems dealing with the spread of the excitation wave and the distribution 
of the cardiac potential. Some of these s])ecial inve.stigations by means 
of chest leads are jiarticularly noteworthy in that they have dealt with 
fundamental jiroblems in elect roeardiograjihy. 

Lewis,"'’ in demonstrating that the oscillations in the electrical curves 
of auricular fibrillation emanate from the auricles, employed combina- 
tions of precordiai electrodes. He had sliown that the.se oscillations be- 
came more and more consjiicuous as the exjilorinsr jirecordial electrode 
approached the vicinity of the right auricle. 

Wilson.’' in a study of the imtential differences produced by the 
heartbeat within the body and at its surface, emjdoyed jn-ecordial elec- 
trodes. It was in this study that he made the intcre.sting observation 
ihat in the ease of chest leads ’‘it is the electrode ne;ir the heart which 
determines the form of the ventricular electrocardiogram.” He showed 
al.so that “it matters little where tiie second electrode is placed, imivid- 
ing it is .sufiicientiy far away from the heart.” 
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In a study of the relation between the anatomical and electrical axis 
of normal as well as hypertrophied hearts, Cohn and Raisbeck^® used 
symmetrically arranged chest electrodes, the locations of which on the 
anterior chest Avail eorresiAonded to the apices of a rotating equilateral 
triangle. 

With the aid of precordial electrodes, Wilson and his coAvorkers have 
made several valuable observations on the nature of bundle-branch block. 
By means of serial preeordial leads from several points across the loAver 
anterior chest, from right to left, they Avere able to shoAv the order of 
excitation of the A^entricles in human bundle-branch block.^® More 
recently-'’- AA-ith a similar system of exploring chest electrodes but Avith 
the additional aid of an ingenious device affording a second, sti-ictly 
neutral electrode, thej-- have been able to decipher certain types of ab- 
normal human electrocardiograms as belonging to the category of right 
bundle-branch conduction defects. This method of study (unipolar 
electrocardiographjO has tremendous and far-reaching possibilities. It 
may prove to be the key to an entirely ncAV approach in the study of 
electrocardiography. 

A report of AVilson, Barker, Macleod, and Klostermyer*- is of particu- 
lar interest in connection Avith the subject of this paper. This communi- 
cation may be deemed a connecting link betAveen the many and diverse 
electrocardiographic studies by means of special leads in the past and 
the more recent Avork of AVolferth and AVood Avhich has since led to the 
present popularity of chest leads as a routine eardiographic procedure. 
This report is primarily concerned Avith anomalies in the initial ventricu- 
lar complex (QRS) in coronary occlusion as deciphered by the standard 
leads. In this report the Avriters, hoAveA-er, recorded tracings by means 
of chest leads as Avell, and they point out alsd characteristic changes 
in the initial as Avell as the terminal A-entricular complexes of chest lead 
tracings in cases of anterior and posterior cardiac infarction as a result 
of coronary thrombosis. 

The subject of chest leads naturally leads one to the experimental, 
pathological, and clinical obseiwations of AVolferth and AVood,’*- ” 
Avhich in the aggregate mark an important milestone in electrocardiog- 
raphy. Their observation of an early, conspicuous RS-T deviation in 
direct leads employed in experimental coronary occlusion and, particu- 
larly, their further observation that such deviations in the terminal 
ventricular complex Avhen recorded by means of an anteroposterior chest 
lead are essentially the same as those derived by direct leads, has natu- 
rally suggested the use of chest leads in human subjects suspected of 
coronary occlusion. Throughout their publications they lead toAvard one 
seemingly cardinal point ; namely, that in certain cases of acute coronary 
occlusion, especially those producing infarction in the eoui’se of the 
anterior descending branch of the left coronary artery, the chest lead 
may show the earliest evidence of an acute mj-’ocardial damage. Such a 
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lesion is indicated by a deidation of the KS-T segment, which, as recovery 
takes place, is followed an abnormal direction of the T-wave. In 
the case of their special chest lead, designated as Lead IV, the abnonnal 
T-Avave is positive — directed upward. This chest lead of Wolferth and 
Wood, together Avith Leads V and VI Aidiich thej’- subsequently suggested, 
constitutes the conventional set of chest leads noAv generally employed 
in clinical electrocardiography. As such they merit special comment. 
This is particularly true of Lead IV. 

Lead IV, then, is a special lead in Avhich tAvo electrodes are placed in 
contact Avith the chest Avail ; one, the right arm electrode, in the A'icinity 
of the cardiac apex, and the other, the left arm electrode, in the left 
IiaraA'ertebral space above the level of the angle of the scapula. The 
tracing derived by this lead is Avell knoAATi. Its features have been care- 



Ffg-. 1. — Standard Leads I. II, and III compared witli the conventional chest Leads 
lAL A'', and A’l. For description see pages 811 and 812. 


fully described at the time of its introduction and have been subsequently 
verified by others in studies aggregating hundreds of noi’mal sub- 
.iects.®’ The tracing is characterized by: (a) an iiwerted au- 
ricular (P) AvaA'G, (b) a dipliasic initial A-enti-ieular complex (QRS), and 
(c) an inverted terminal ventricular (T) Avave. 

Besides these characteristics, the indiA’idual components of this electro- 
cardiogram have other peculiarities. The auricular P-Avavc is A-eiy shal- 
loAV; the initial ventricular complex is large and begins Avith a doAvn- 
stroke — a Q-ivave; the T-Avave is large. The RS-T segment has pi’ae- 
tically no isoelectric period (Pig. 1), Occasionally there is normally 
present in Lead IV a slight nogatiA-e .deviation of the RS-T segment, of 
one or two millimetei-s. This is probably an artefact due to overshoot- 
ing of the galvanometer string. 
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These criteria are best remembered if we regard Lead IV as a mag- 
nified, partly inverted Lead I rotated thvongh an angle of 90°, bringing 
the lead axis into a plane parallel to the sagittal instead of the coronal 
plane of the body. The magnification is confined to the ventricular com- 
plex and is due to the fact that one electrode is situated in a region 
where the heart is nearest to the chest wall. The inversion of the prin- 
cipal components of this tracing, as compared with those of standard 
Lead I, is due to the right arm electrode being situated in the vicinity 
of the cardiac apex. (In standard leads this electrode is nearer to the 
basal region of the heart.) Kotation is suggested by the shallow negative 
P-wave and the diphasic QPS. 

As has been stated, \Volferth and Wood advocate a set of three chest 
leads. In addition to Lead IV they employ also Leads V and VI. The 
tracing of a normal Lead V is essentially of the same genei'al configura- 
tion as that of Lead IV, in spite of the fact that the electrode which in 
Lead IV is located near the left scapula is attached in this lead to the 
left foot. The reasons for the similarity between these two tracings 
will be discussed in another paragraph. Lead VI, on the other hand, 
bears practically no resemblance to either of the other two. This is a 
lead from the left scapula to the left foot. It yields a. rather indistinct 
and a considerably stunted tracing. It generally resembles a miniature 
Lead III (see again Pig. 1). 

The carefully described criteifia for Lead IV (or for any chest lead) 
are but gross at best. There are many factors to prevent a constancy 
in the form of chest lead tracings. Among these are : dislocation of the 
anatomical axis of the heart in extremes of habitus, as in short wide 
chests or long narrow chests; the amount and the kind of media inter- 
posed between the cardiac apex and the electrode, as in obesity, emphy- 
sema, or intrathoracie effusions; inaccuracy in locating the apex impulse; 
or shifting of the “apical” electrode. The last mentioned factor is of 
importance. Hoffman and Delong' in their study of normal lead IV 
fouiid appreciable alterations in their tracings on slight changes in the 
position of the anterior electrode. Wood, Bellet, klcMillan, and Wolf- 
erth^^ also stress this. They caution, in fact, that when “small electrodes 
are used, a relatively small chaiige in the position of the anterior elec- 
trode may cause considerable alteration in the tracings.” The effect of 
changing the position of the anterior electrode on the form of the 
ventricular electrocardiogram is illustrated in Pig. 2. 

Since it exerts a definite controlling effect on the form of the resulting 
curve, the anterior electrode in chest leads may be designated as the 
principal electrode. The posterior electrode, on the other hand, may be 
teiTued an indifferent or at best a secondary electrode. That the position 
of this electrode is comparativelj^ immaterial has been pointed out by 
Wilson^* — to quote; "... the position of the second electrode so long 
as it is relatively distant from the heart has little effect on the ventricular 
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electrocardiogram.” This is verified and illustrated in Fig. 3. Serial 
electrocardiograms -were taken with a fixed anterior electrode and a 
shifting posterior electrode, placed successively on the right arm, right 
scapula, left scapula, left lumbar region, and left foot. They show no 
appreciable alteration in the form of the ventricular curve, except for 



Fig-. 2. — Tlie effect of .shifting the' principal electrode onl tlie form of the ventric- 
ular electrocardiogram. 


as 

be- 


As indicated in tiie diagram accompanying the graphs, tlie principal electrode -w; 
applied over succes.slve zone.s approximately 0.75 of an inch apart, along a lino b- 
ginning at a point 1.5 inches from the midsternal line and extending to the left for 
a distance of about 3.75 inches, or 5.25 inches from tlie midsternal line. The region 
of the apex impulse is indicated b.v an arrow. 

In both the upper and lower rows the first four graph.s, recorded from zones be- 
tween tlie left sternal margin and cardiac ape.x, show T-waves of fairlv constant 
fonn. Tlie last two graphs, recorded from zones between the apex impul.se and a 
point 1. -a inches beyond, show a sharp fall in the amplitude of the T-waves and a 
corresponihng rise in tlie QRS complexes. Tlie upper row of graphs were recorded 
b>- leads from right arm to chest, and the lower row. by leads from chest to foot. 
The chest electrode was attached to the left arm cable. Its diameter was approxi- 
mately 1 inch. Tlie chest foot lead i.s identical with lyoad V of Wolferth and Wood. 
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slight changes in amplitude.’^ Even if tracings were not presented to 
demonstrate this, ample evidence may be had by comparing Leads IV 
and V of Wolferth and Wood. Lead IV, as has been stated, is derived 
bj'^ means of an apical electrode and a second electrode in the region of 
the left scapula, while Lead V is derived by means of the same apical 
electrode bnt with the second electrode attached to. the left leg or foot. 
Yet, the forms of these two tracings are similar in.;many details, giving 
evidence of the “indifference” of the second electrode. So obvious is 
the similarity between these two tracings, although derived by two dis- 
tinctly different leads, that some laboratoi'ies have adopted the use of 
Lead V instead of Lead IV as a matter of bedside convenience in clinical 
routine. 

The manner of application of the chest electrodes (R electrode an- 
teriorly and L electrode posteriorly), as originally adopted by Wolferth 
and Wood, is open to some objections. To tliose with limited experience, 
Leads IV and V may appear at first glance as somewhat distorted, 
magnified, mirror pictures of Lead I of the standard electrocardiogram. 
And there is some reason for this impression. Lead IV does “mirror” 
primarily the standard Lead I. Abnormalities in Lead IV, when accom- 
panied by abnormalities in the standard leads, are generally paralleled 
by Lead I only. Both, Lead IV and Lead I generally depict the same 
lesions of the ventricular myocardium, namely, anterior surface lesions. 
Yet, when these two tracings are viewed side by side, one is struck by the 
marked dissimilarity between their synchronous eomjionents. Synchro- 
nous deflections in the two leads have diametrically opposite directions. 
This at first glance tends to some measure of confusion. The chest lead 
tracing has a strange configuration. In fact, it requires the study of a 
new set of criteria in which the principal comiionents of the electrical 
curve are expressed in negative values. 

Yet, there is some justification for the manner of application of 
electrodes as advocated by Wolferth and AYood. If the apical electrode 
is to represent the exploring electrode used in experimental direct leads 
and if it is desii’ed that the potential variations beneath this electrode 
be recorded in positive values, the B electrode must be applied anteriorly. 
In fact this is precisely why an “inverted” Lead W came into clinical 
use. As has been stated, Wolferth and AVood, employing direct leads 
in experimental work, used the R electrode as the exiiloring electrode. 
It was with this technic that they first recorded characteristic RS-T 
deviations in experimental coronary occlusion, showing a dejvcssion of 
the RS-T segment in anterior lesions and an elevation in 'posterior lesions. 
By a cleverly contrived experimental procedure, they showed further- 
more that if the anterior surface of the heart was not exposed, they could 
duplicate these electrocardiographic changes by means of chest leads. 
To demonstrate the striking similarity between curves derived by direct 


*This is not true for tlie auricular P-waves. See agrain Figr. 3. 
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Pif?. 3. — The effect of shiftinit the second or "indifferent” electrode on the form of 
tile ventricular electrocardiogram. 


As Indicated by tlie numerical notations in the diagram accompanying the graphs, 
tile rlglit arm electrode rvas applied successively over -widely separated regions on tlie 
surface of tlie body. Tlie graplis sliow that tlie ventriculai-i curve is practically un- 
affected except for sllglit changes in amplitude. On the other hand, the auricular 
P-waves are deniiitely altered. 


JP, "leads" tlie principal electrode -was held in exactly the same fixed 

position, in tlie region of the iipex impulse. See footnote on page 82C. 
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leads and those derived by chest leads, tliey iialurally Jiad to employ the 
same relative method of application of electrodes, that is, the E electrode 
as the anterior electrode. This had automatically set criteria for llieir 
chest lead analogous to those of their direct lead; and these eriteria, ex- 
pressed in negative ordinates, were eventually transferred, with the 
clinical adoption of chest leads, to the study of coronary occlusion in 
man. 

Nevertheless, this manner of grouping of chest electrodes when carried 
over to clinical investigations has, it seems, certain disadvantages. Ever 
since its introduction, Load IV has been advocated as an aid to the slaiid- 
ard leads. It was never to replace but merely to complement the stand- 
ard leads. The standard electrocardiogram and the chest lead tracing 
were intended to appear as a grouj). Such being the case it would seem 
desirable that some measure of .symmetry characterize this groiip. To 
this effect a chest lead, taken with the L electrode ai)plicd anteriorly 
instead of the E electrode, would afford such a symmetry in that all 
deflections in the chest lead would then corrcs]>ond in direction to those 
of the standard leads, for all identical events in the cardiac cycle. Lead 
IV as recorded at present fails to afford this much desired symmetiy. 
In fact, in its present form it has neee.ssitated the learning of a set of 
new eriteiia depicted in negative ordinates. 

Furthermore, the scapular a])pliealion of the posterior electrode as 
employed in the conventional Lead IV seems unnecessary. At times it 
may even prove somewhat burdensome. In the case of an acute coronary 
occlusion in which the che.st lead is presiuned to su))serve the greatest 
usefulness, the patient may be and frequently is acutely ill; at times ho 
is moril}und. The application of a posterior electrode under such cir- 
cumstances may offer a diffleulty to the operator and an annoyance to 
the patient. In such a case simplicity of technic is most desirable.. This 
is probably the rea.son why some clinicians have adopted the use of 
Lead V alone and have discarded the original Lead IV. 

The numerical designation of chest leads introduced by Wolferth and 
Wood is also open to objections. The designation “Lead IV” implies a 
relationship to the standard Leads I, II, and III. Actually, while the 
standard Leads I, II, and III are strictly related to one another (com- 
ponents of a common vector), Lead IV bears no such relationship to any 
one of them whatever. As a matter of fact. Lead IV is not even a fixed 
lead. The principal electrode which actually determines its form is at 
times applied by some workers to the left parasternal line in the fourth 
space, and at other times to the region of the cardiac apex. The nu- 
merical designation of Lead IV does not specify the point of application 
of the principal electrode, which, as has been shown, actually determines 
the form of the resulting electrocardiogram. The only thing about this 
lead that may be regarded as relatively fixed is the posterior electrode ; 
and this, as has been stated, is practically immaterial. In the case of 
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standard leads the numerical designation of a lead implies a specific loca- 
tion of the electrodes,* and the numerical designation employed carries 
the same connotation wherever electrocardiography is done. This, not 
being true for chest leads, suggests the necessity of more specific designa- 
tions. This statement takes on added weight if we take into consideration 
the fact that the present popularity of chest leads has prompted many 
investigators to “tap” the chest in innumerable directions for special 
chest leads. To designate all suck leads by numbers will ultimately 
necessitate the use of a comprehensive code book. 

Chest leads, it seems, should be designated by convenient abbreviations 
of Avell-knovm anatomical landmarks which would indicate the approxi- 
mate location of the principal electrode. This would lead to a clearer 
visualization of the technic employed by different workers and would 
enable one to follow the progress of the work initiated by Wolferth and 
Wood with greater facility. Such a regional anatomical designation 
would lead, furthermore, to a uniformity of nomenclature expressed in 
a familiar terminologjL 

The common sites of location of the principal electrode selected for 
chest leads at present are : the region of the apex impulse, normally in 
the fifth space and midclavieular line; the left pectoral region, in the 
fourth left interspace, about two inches to the left of the midsternal 
line ; and, rarely, the right pectoral region, in the fourth right interspace, 
about two inches to the right of the midsternal line. These regions may 
be conveniently designated as the apical, left pectoral, and right pectoral 
regions, respectively. If the location of the second electrode is chosen 
and held as a fixed point and if the principal electrode is placed arbi- 
trarily over any one of the regions mentioned above, the resulting lead 
may then be designated according to the region at which the principal 
electrode is attached; namely, as an apex lead, a left pectoral lead, or 
a right pectoral lead; or by the abbreviations, Ap, Lp, and Rji leads, 
respectively. Such a designation of a chest lead is desirable in that it 
indicates the location of the principal electrode. 

The location of the second electrode, although relatively immaterial, 
may neverthele.ss be chosen also with definite purposes in view. We have 
noted, for instance, that in the conventional chest leads, Leads IV and V 
of Wolferth and Wood, the auricular complex, P, is generally very shal- 
low aud inverted and that at times it is completely absent. We have 
noted also that, while the location of the second electrode has little 
influence on the ventricular electrocardiogram, it does influence its 
amplitude in some degree. The location of the second electrode may 
therefore be chosen with a view of deriving a tracing which will yield 
the largest possible deflections in the components of the ventricular por- 
tion of the electrocardiogram and which at the same time will include 
a well-defined auricular P-wave. 

•.Spocitlc in the pon.^e cxiire.s.«e<l in footnote on p;ise Sni. 
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The site of application of the second electrode wliich affords these 
two features in a chest lead is found to he a most convenient one. It is 
the right arm or right shouldei'. It is a eurious and historically interest- 
ing fact that as early as 1900 EinthoA'en and deLint,^"' in search for a 
lead that would yield the largest possible deflections in their electro- 
cardiogram, came to the conclusion that this requirement was fulfilled 
best by the right arm apex lead. To quote them verbatim : ‘ ‘ Wir legten 
die Elektroden on diejenigen Stellen des Korpers an, Avelche die grossten 
Sehwankungen des Poteritialuntersehiedes zeigten . . . auf der eine Seite 
der BrustAvand nahe by dem Apex Cordis, auf der anderen Seite die 
reehte Schulter order der reehte Arm.” 

By the use of a right arm chest lead, then, avc can record a tracing 
AA'hich depicts Avell-defined auricular as aa^cII as ventricular complexes and 
Avhich, at the same time, yields maximal deflections AAuth the galAmnometer 
string at standard sensitivity. These are clearly desirable features in a 
chest lead. Puthermore, since in a right ai-m chest lead the right arm 
electrode is the fixed secondary electi'ode and the left arm electrode is 
the one AAdiieh is employed as the principal electrode, avc derive a tracing 
by this lead Avhicli has the added feature of .symmetry Avith the standard 
leads in that its main deflections correspond in direction Avith those of 
the standard leads. This is in keeping AA'ith the original intention of 
Einthoven, AA’-ho so aiTanged his circuit for patient and galvanometer 
that normally all major deflections of his electrical tracings Avere ex- 
pressed in positive ordinates. The right arm chest lead has still another 
and a much desired advantage in that it requires but a single chest 
electrode. This is a readily recognized convenience in clinical electro- 
cardiography at the bedside. 

In summarjq then, the right ai’m chest lead is serviceable as a routine 
chest lead for clinical use because it embodies the folloAving : 

(a) A tracing derived by this lead represents all components of the 
cardiac cycle, auricular as Avell as Amutricular, in a Avell-defined form. 

(b) All principal deflections in the tracing are maximal for a galva- 
nometer of standard sensitiAuty. 

(e) AU principal deflections in the tracing confom in direction Avith 
synchronous deflections in the standai’d leads, thus lending sjunmetry 
to the group. 

(d) The chest lead is convenient for bedside use in that it requires 
but a single chest electrode. 

Figure 4 shows a group of electrocardiograms taken from a young 
Avoman in good health, to illustrate the relative form of the right arm 
apex (R-Ap) lead as compared Avith standard leads and scAmral special 
leads. 

It might seem that the introduction of a special lead, the right arm 
chest lead, AAmuld meet with objections on the ground that since the con- 
A^entional leads have been in use for almost three years, their criteria 
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being familiar, a change at this time would he inconvenient. But this 
special lead, if employed, need not necessarily replace all conventional 
chest leads now in use. In fact, as will he shoum, the writer has found 
it convenient to employ one of the leads of 'Wolferth and Wood (their 
Lead V) as a companion chest lead without any change in the arrange- 
ment of electrodes. An objection might also he raised on the ground 



Fig. 4. — TrncinKs derived by the right .-irni cliest lead and its companion lead, the 
che.st foot lead, as compared with those derived bv standard leads and several 
special chest leads. 


over the fourth interspace about 2 


In each case the chest electrode was located 
inches to the left of tlie midsternal line. 

A. Standard Leads I. II. and III. 

B. Chest Leads IV, V, and VI. 

C. Posleroanterior chest lead; reverse of B. 

D. Right scapula chest and chest foot loads. 

E. Right arm chest and chest foot le.ads. 

lead tnicing shows well-deflned auricular and ventricular com- 
In tiio .sVnnda°rd lead"‘® ^ ° ' con-espond in direction with synchronous deflections 
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that since Leads IV and V have been recently shown to disclose evidences 
of residual injury to the 'anterior surface of the left ventricle (absent 
Q-wave), this information might be lost by the adoption of the right 
arm chest lead. Actually, whenever Leads IV and V .show absence of 
Q-waves, the right arm chest lead depicts its equivalent by .showing an 
absence of the R-wave; that is, the ventricular elce.trocardiogram of the 
right arm chest lead begins with a conspicuous initial downstroke. This 



Fig. 5. — Tracings derived by standard leads, the right arm cliest lead, and the chest 
foot lead in a case clinically suggestive of an old injury to the anterior wall of the 
left ventricle. 

chest foot lead (Lp-»F), in conformity with the observations of Wood. Bellet. 
McMillan, and Wolferth,” shows “absence of the Q-wave.” The tracing of the right 
arm chest lead (R<-Ep), on the other hand, shows its counterpart, namely, .an absent 
R-wave. 

is in conformity with changes often seen in standard Lead I in such eases. 
It serves as a conspicuous analogue of the type standard electro- 
cardiogram, which has now been accepted as an index of previous injury 
to the anterior portion of the left ventricle. Pig. 5 shows tracings derived 
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by standard leads, the right arm chest lead, and the chest foot lead (Lead 
V) in a iiatient presumed to have an old myocardial injury along the 
path of the anterior descending iiranch of the left coronary artery. 

The right arm chest lead, therefore, records all the cardinal changes 
in the ventricular complex which we have learned to regard in conven- 
tional chest lead tracings as being indicative of myocardial damage; 
namely, abnormally directed T-waves and abnormalities in the direction 
of the initial deflection of the QRS complex. In fact, since these are 



Fig. 6. — ^Tracings in a ca.«e in which Leads IV and V differ markedly in general 
oviUine althougli tiiey botli show tire same major abnormalities, namely, abnormal 
T-wavcs and absent Q-waves. 

Right arm clicst lead tracings show the equivalent abnormalities, namely, abnormal 
T-waves and absent R-waves. The R Lp lead tracing possesses all cliaractoristics 
of Lead IV, and the Lp -» F lead is identical with Le.ad A*. 


the only changes in chest leads tvhich mat* bo deemed of diagnostic value 
at present, it seems that the right arm chest lead would suffice as a 
routine chest lead in all cases in which myocardial damage is suspected. 
It yields all information generally regarded as of diagnostic value in 
these cases. 





822 


THE AMERICAN HEART JOURNAL 


It is not claimed, however, that the right arm chest lead is a substitute 
for all cliest leads. The study of chest leads in clinical electrocardiog- 
raphy is of comparatively recent date and may not he restricted. It 
has been found that certain chest leads which normally resemble each 
other closely may, nevertheless, differ widely in minor details when 
derived from persons having chronic fibrotic myocardial lesions. Leads 
IV and V, for instance, while generally alike in normal hearts and while 
generally recording the same gross deviations in well-defined myocardial 
involvement as a result of coronary occlusion, may occasionally differ 
in details the meaning of which, up to date, is entirely foreign to us. 
Fig. 6 is an example of such a ease. It seems desirable, therefore, for 
purposes of further study (not neeessaialy for routine clinical use) that 
a companion chest foot lead be taken ivith the right arm chest lead. In 
the light of our present knowledge this may afford no additional informa- 
tion. Howevei', since we do occasionally encounter eases in which the 
two chest leads differ in certain details — although, in the main, equally 
informative with respect to findings which have become familiar — it is 
desirable that such records be taken and filed for future studies. 


The technic of taking the right arm chest lead together with Lead 
V at the bedside is carried out as follows : The three standard leads are 
taken. Then the cable of the left arm electrode is detached and is con- 
nected to the chest electrode® applied to the region of the cardiac apex 
(or any other pectoral area). In this position the operator selects on 
the control board of his instimment. Leads “I” and “III” successively. 
The first of these (Lead “I”) is naturally the right arm chest lead here 
advocated, and the other (Lead “III”) is the companion chest foot lead, 
which is precisely Lead V of Wolferth and Wood. 

Since it is the principal electrode (the one nearest to the heart) 
which determines the form of the insulting curve, the use of the right 
arm chest lead was extended in an endeavor to explore different pectoral 
zones. The principal electrode was applied successively to the right 
pectoral, left pectoral, and apical regions, the second electrode having 
been fixed in each case at the right arm. The leads were designated as 
the right pectoral (Rp), left pectoral (Lp), and apical (Ap) leads, re- 
spectively. Each of these leads seems to serve as a distinct source of 
information. In the right pectoral (Rp) lead the aui'ieular P-wave is 
conspicuous, especially in eases in which there is clinical evidence of en- 
largement of the right auricle. In the left pectoral (Lp) lead the tei*- 
minal ventricular complex, T, stands out most prominentljL The apical 

(Ap) lead, on the other hand, accentuates the initial ventricular com- 
plex. 


The right pectoral (Rp) lead may be emploj’-ed to record tracings of 
auricular activity in eases of auricular fibrillation or other conditions 


in tWs^article wlrl f?®®! electrodes. Those employed in the cases illustrated 

to assure against tjTje, built on the principle of vacuum cups 

never exceeded*!.^ inches in*^diame°tc principal electrode. The size of the electrode 
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pectoral foot lead. 

The variations In the form, rate, and rliythm of the auricular waves are brought out con.spicuou.sly by both the right arm right 
jicotoral and the riglit pectoral foot (R*-Kp-»F) leads. 
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in which the riglit auricle is e}ilarged. Such a tracing is presented in 
Fig. 7. In this tracing tlie auricular waves are remarkably clear, and 
one can count them accurately over long periods. It also seiwes to em- 
phasize the profound variations that take place both in rate and contour, 
in the auricular waves in fibrillation. Another tracing recorded by the 
right pectoral (Rp) lead is presented in Fig. 8. This tracing shows 
clearly deciphered auricular P-Avaves Avithin the different portions of 
the ventricular complexes, not qiute as sharply outlined in Ihe standard 
tracings. 



Fig. 8. — ^Tracings derived by standard leads and the I'iglit arm right pectoral 
(R *- Rp) lead in a case presenting clinical evidences of an old mitral valvular 
defect with heart failure. The auricular P-waves arc largest in the chest lead 
tracing, and they are clearly defined even when superimposed on an ectopic ventric- 
ular complex. 

In the left pectoral (Lp) lead the terminal portion of the ventricular 
complex is deciphered most conspicuously. This lead therefore seems 
most serAuceable in cases in AA'hich standard Lead I is of very Ioav Amltage. 
Clinical cases suggestive of myocardial infarction along the course of 
the anterior descending branch of the left coronary artery at times yield 
standai'd electrocardiograms in AAdiich Lead I, the most important lead, 
although abnormal, may nevertheless be regarded bj’- some as “incon- 
eluswe” because of a Ioav amplitude of the T-avra'C. In such cases the 
left pectoral (Lp) lead Avill generally sei’A'c to accentuate the terminal 
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ventl’icular complex (RS-T and T) with all its abnormal deviations 
sufficiently to render the tracing acceptable as evidence of the myocardial 
damage presumed to have taken place. Fig. 9 is a striking example of 
such a case. The electrocardiograms presented in this figure were re- 
corded shortly after the clinical “coronary episode’’ — a few hours after. 
Experience has taught us to regard the shallow standard Lead I in 
such a case as being abnormal and definitely pointing to the diagnosis 
of a focal myocardial involvement. Yet, since some may regard it as 
“inconclusive,” the Lp chest lead should accompany the standard elec- 
trocardiogram in order to accentuate the RS-T deviation sufficiently to 
remove all doubt. 

Tlie apex (Ap) lead is essentially for the same purpose as the left 
pectoral (Lp) lead, except that in the former the QRS is somewhat 
taller and the T-waves not quite as tall as in the latter. The apical 



Fig. 9. — ^Tracings In a case of an acute left coronary occlusion, recorded by stand- 
ard leads and by the right arm left pectoral and left pectoral foot (R *- Lp -+ F) 
leads, taken about six hours after the onset of angina pectoris. 

The standard lead tracings are of very low voltage but Leads I and II show a 
characteristic high take-off of the RS-T segment. The. chest leads magnify this de- 
viation sufUciently to remove any doubt that might be occasioned by the low voltage 
in the standard leads. 


:ip])licatiou of the prineijial electrode has been the most common prac- 
tice in chest leads. Yet for many reasons apex leads are least reliable. 
In employing this lead, there is usually some element of uncertainty as 
to whether the operator has really found the point of application of 
the principal electrode he has sought. The apex impulse, at best, is very 
elusive. This is particularly true in patients at an age when they are 
most liable to sustain a coronary occlusion. The chests of persons at 
middle age are often of the obese and hyjiersthenic type; their lungs, 
emphysematous ; and their hearts, especially after an acute injury, may 
be too feeble to produce a palpable impulse. It is likely also that in his 
desire to locate the apex impulse accurately the oiierator at times applies 
the electrode beyond the boundary of the heart. This probably accounts 
for some of the eases which show marked differences in the chest leads 
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U’odc is situated approximately midway between the cardiac apex and 
the midsternal line. 

It seems from the foregoing that, if only a single chest lead is intended 
to complement the standard leads, the object of the operator being merely 
to clarify such abnormalities in the electrocardiogram as may appear 
principally in Lead I (suggestive of anterior surface lesions), the left 
pectoral (Lp) lead is the chest lead of choice. As has been stated, this 
lead may be supplemented by its companion tracing, the left pectoi’al 
foot, Lead V of the conventional set of chest leads. 

However, a single chest lead or, for that matter, a pair of companion 
chest leads (from the same point on the anterior chest wall), while help- 
ful as an aid to the standard leads, is essentially limited in scope. The 
information it may yield is limited because a chest lead tracing is an 
expression of the electrical changes of those structures mainly which are 
nearest to the principal electrode. This is a singular property of chest 
leads and, as such, may be utilized to gain wider information. It enables 
one, even by way of gross plotting, to record electrical changes that 
emanate from certain structures in excess to those of neighboring stimc- 
tures. This can be accomplished by applying the prineipal electrode over 
selected zones beneath which a given structure, whose effects are sought, 
is presumably situated. Unfortunately, the posterior cardiac surface is 
not readily accessible for investigation by means of chest leads because 
it rests on the diaphragm. However, the anterior chest wall affords a 
ready appi’oach to the study of structures that make up the anterior 
cardiac surface, namely, the right auricle and the two ventricles. 

For a study of the electrical effects of the cardiac chambers that com- 
prise the anterior surface of the heart, the right pectoral, left pectoral, 
and apical chest leads lend themselA'es conveniently. It seems desirable, 
therefore, that these che.st leads be employed in electrocardiography 
cither singly or paired with their companion leads, in addition to the 
.standard leads, whenever a more general study of the electrical effects 
of the heart is intended. The pi’ocedure is not particularly time con- 
suming. A diagram in Pig. 10 shows the arrangement of the electrodes 
for these leads. As has been suggested, they may be designated by eon • 
venient abbreviations of anatomical landmarks indicating the position of 
the electrodes. If employed as single leads, they may be recorded as: 

R < Rp 

R ■« Lp 

R < Ap 

or when employed in pairs, as : 

R < Rp 

R < Lp 

R < Ap 


F 
^ P 
^ P 
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Tliese tabulations show at a glance that the secondary electi-odos at- 
tached at the right arm and the left foot arc fixed and occupy the same 
positions as in the standard leads; they show also that the principal 
electrode attached to the left arm cable has an arbitrary location over 
the anterior chest wall. The arrows indicate the dii-ections of the major 
components of the clectrocai'diogram recorded by each lead. 

In conclusion it might he added that jio matter what i'orm routine 
chest leads might eventually take, che.st leads have apparently found 
a permanent place in clinical elect rocardiograi)hy. However, since our 
present knowledge as to the meaning of chest lead tracings is still limited, 
it seems incumbent upon us not only to be cautious iji our observations 
but also to be critical in evaluating observations recorded by others. 
Standard lead tracings are still to bo i-egai-ded as the more reliable 
guides in clinical clectrocardiograjdiy. The early warning of Wolferfh 
and Wood to the effect that the che.st lead “docs not in any way replace 
the routine electrocardiogram, but should be u.sed as an adjunct to it” 
has a significant meaning. In this connection one is impelled to urge 
that in our present enthusia.stic i)reoecupation wit)} che.st Icad.s a parallel 
study of the standard leads .should be persued with unabated diligence. 

SUMMATJY 

The literature on chest leads in clinical elect roeardiograj)hy is re- 
viewed. This review is aeeomi)anied by comments on articles and ease 
reports dealing with the subject. 

The early literature appears to be colored by an unwari'anted cn- 
thirsiasm on the subject, loading on the one hand to an overemphasis of 
the value of che.st leads, and on the other to a tendency to underrate 
the significance of abnormalities in the standard leads. 

The conventional chest lead.s, Leads IV, V, and VI lutvc been ex- 
amined, and their significant features are discu.ssed. 

It is suggested that a chest lead for routine electrocardiography em- 
body the following features: (a) that its tracing record maximal de- 
flections and that it include well-defined auricular as well as ventrieular 
complexes; (b) that its tracing be symmetrical with the .standard leads; 
and (c) that the chest lead require but a single chest electrode. 

The right arm che.st lead has been found to fulfill these requirements. 

Objections are offered to the numerical designation of chest leads. It 
is suggested that instead che.st leads be designated by well-known ana- 
tomical landmarks, indicating the location of the principal or chest elec- 
trode. 

Bight pectoral (Bp), left pectoral (Lp), and apical (Ap) leads are 
suggested as routine chest leads in clinical electrocardiography. In these 
the right arm attachment used in the standard leads serves as the fixed 
secondary electrode, and the pi’incipal or chest electrode is attached to 
the left arm cable. 
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It is concluded that while chest leads have found a permanent place 
in clinical electrocardiography, standard leads are still to be regarded 
as the more dependable, and a parallel study of standard lead tracings, 
partieularlj^ with reference to minor deviations, should he persued with 
at least as much attention as the study of chest leads. 
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Retrospect and Prospect 

The appearance of this issue marks the completion of the first ten 
years of the existence of The Ameuican Heart Journal, and the oc- 
casion is welcomed as offering an opportunity for tlie Journal to express 
to its contributors and subscribers its deep appreciation of their con- 
stant, friendl}’’ support and cooperation. 

By a coincidence this tenth anniversary is to be marked, also, by 
certain developments in the policy of the Journal by wliicli its scope will 
be widened and its usefulness, it is believed, much increased. 

The recent extraordinarily rapid grov/th of interest in the peripheral 
vascular disorders and their studj"^ has led to a recognition by the workers 
in that field of the need of some form of organization and of some 
central outlet for their contributions. 

As the result of recent conferences between a representative group of 
workers in the field of peripheral vascular disease and the directors of 
The American Heart Association it has been decided to establish in The 
American Heart Association a standing committee, or special section, 
for the study of the periplieral circulation. It is expected that The 

American Heart Journal will serve as the chief medium for the pub- 
lications of this group. 

Tlie problem of providing space for the anticipated large increase in 
the volume of material offered to the Journal as the result of this ar- 
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rangement has been met by the willingness of the publishers to increase 
the number of issues from six to twelve a year. Beginning, then, in 
January, 1936, The Ajierican Heart Jourxal will appear monthly in- 
stead of bimonthly as heretofore, and the editorial staff will bo increased 
by the addition of Dr. Edgar V. Allen, of Roche.ster, i\linn., to the 
Advisory Editorial Boai-d and of Dr. Irving S. Wright, of New York 
City, as Associate Editor. 

The increase in the number of issues will require a slight increase in 
the annual subscription price (from $7.50 to $8.50), but this will be 
more than offset, it is believed, by the offering of a new “journal member- 
ship” which provides both aiiiuial membership in The American Heart 
Association and a year’s sub.seription to the Jourxal for ten dollars. 

In order that the changes planned may begin with a new volume of 
the Journal it has been decided to continue Volume 10 to include the 
October and December numbers. For that reason the index, which 
usually is placed in the August issue, Avill be held over and published 
with the December number. 



Society Transactions 


NEW YORK COMMITTEE ON CARDIAC CLINICS, 1935 

T he aimual scientific meeting of the New York Committee on 
Cardiac Clinics was held in New York City on April 23, 1935. 

The following are abstracts of papers presented or read by title : 

Studies on Circulation Time and Intravenous Pressure. William Benenson, lil.I)., 
and Elmer A. Kleelicld, M.D. 


ABSTRACT 

Measurements of intravenous pressure by direct manometry and of circulation 
time from antecubital vein to tongue by the saccharin method Avere determined 
on sixty-seven hospitalized patients Avith A’aried illnesses. Cases Avere tabulated 
in order of increasing circulation times (8.2 to 48 seconds), Avith other comparable 
data. The first thirty-four AA'ith times of from 8.2 to 16 seconds arc noncardiac 
and cardiac patients AA’ithout clinical evidence of insufficiency. Eighteen cases 
comprise the second group, AA’ith circulation times ranging from 17.4 to 24 seconds. 
These are predominantly patients Avith severe cardiac disease AA’ithout congestive 
failure. The last fifteen cases liaA’c times of from 24 to 48 seconds. All are 
clinically listed as patients Avith congestive failure. 

There AA-as no close correlation betAA’een intravenous pressure and cardiac func- 
tion except that high pressures are encountered in extremely decompensated 
cardiac patients. In certain cases of congestiA’C hepatomegaly there is a rise of 
intraA'enous pressure AA’ith palmar pressure on the liver. Saccharin timing shoAvs 
a close correlation to cardiac function, is of aid in the study of the progress of 
a heart case, is occasionally helpful in differential diagnosis, and is safe, inexpen- 
sive, not unpleasant, and easy to perform. 

Studies on the Diuretic Effect of Mercupurin in Man. Arthur C. DcGraff, IVl.D., 

J. Ernest Nadler, M.D., and Kobert C. Batterman, M.D. 

ABSTRACT 

Controlled clinical studies Avere made on the diuretic properties of mercupurin 
(novurit), a complex mercurial salt having chemically bound to it 3.5 per cent 
theophylline. Patients Avith marked congestiA’C heart failure AA’ho did not lose 
AA’cight on complete rest in bed Avere chosen. Some of these patients had not 
responded to adequate doses of digitalis. Mercupurin produced a definite diuresis 
in tAA’cnty-tAvo cases. The diuretic effect Avas increased by the addition of 
ammonium chloride. In eight cases the action of mercupurin Avas compared AA’ith 
that of salyrgan. Six of these gave a greater diuresis AA’ith mercupurin, and tAvo cases 
Avcrc equivocal. Both salyrgan and mercupurin AA’cre studied in three cases by 
having the patient void CA’ery half hour on the days the diuretic AA’as given. The 
peak of the diuretic effect occurred betAA’een the fourth and fifth hour ivith both 
drugs, and in each case mercupurin produced the greater diuresis. 

When the mercupurin salt free of theophylline AA’as used, the diure.sis Avas less. 
EAidence submitted indicates that theophylline increases the diuretic effect in 
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man and lessens tlie local toxic action of the mercurial salts in animals. Neither 
mcrcupurin nor salyrgan caused anj' increase in the number of red blood cells 
in the urine or gave any other evidence of toxic effect on kidney. 

A New Method of Heart Sound Becording. M. D. Feltenstein, M.D., and Myron 

M. Schwarzschild. 

ABSTRACT 

A method is used for recording heart sounds so that the graph agrees with 
auscultation. This is accomplished by introducing distortion in the electrical 
system of the recorder in order to stress high frequencies in the same way as the 
average ear does. All audible sounds are recorded, and no inaudible vibrations 
arc registered. The records are made simultaneously with the electrocardiogram. 
Because of the smooth base lino, timing is accurate. The salient characteristics 
of normal sounds are: (1) the fir.st sound begins on the down stroke of R and 
persists from 0.06 to 0.12 second with an average frequenej' range of 75 to 500 
cycles; (2) the second sound begins on the down stroke of T and persists from 
0.04 to 0.06 second with an average frequency range of 50 to 350 cycles. 

Murmurs are differentiated only b^' duration and position in the cardiac cycle. 
Sounds occurring prior to the apex of R are diastolic. Systolic murmurs may be 
recognized if the apparent first sound lasts more than 0.12 seconds. Split sounds 
do not include a silent interval and have a total duration within normal limits. 

Action Potentials Near the Dorsal Surface of the Human Heart. Frederick H. 

Howard, M.D. 

ABSTRACT 

Records have been made by means of an esophageal electrode. MTiile the exact 
position of this electrode has not yet been determined, it, appears to have been 
placed in positions near the line of junction of the right and left sides of the 
heart. 

The electrocardiogram so recorded is distinctive. Auricular activation is in- 
dicated by a brief diphasic deflection (P'), first positive, then negative. There 
is no P-wave. P' occurs about 0.03 second after the beginning of impulse forma- 
tion in the sinus and about 0.12 second before ventricular activation. In two 
cases in which the P-B interval was prolonged (0.40 second and 0.30 second in 
standard leads), P' occurred about 0.10 second after P, suggesting that in some 
cases of delayed conduction there is a dclaV between the sinus and the point 
in the auricle near which the electrode lies. The initial ventricular complex is 
diphasic, first negative, then positive. It resembles closely that obtained from 
the precordium near the apex, except for the important dilTcrcnco that the sense 
of the deflection is reversed. 

The Differentiation of Pulmonary and Cardiac Disease: The Evaluation of the 

Bole of Each. Arthur AI. Alastcr, M.D., Harry L. Jaffe, ALD., and Simon Back, 

AI.D. 

AB.STRACT 

Dyspnea, orthopnea, cyanosis, coughing, and signs of congestive heart failure 
may appear in both cardiac and pulmonary disease. In fiftj' patients, history, 
physical examination, fluoroscopy, electrocardiogram, vital capacity, blood velocity, 
venous pressure, and exercise tolerance tests were utilized. In cardiac disease, 
prccordial pain is likely to bo more prominent. Severe cough, particularly with 
expectoration, is found in lung di.soasc. Cardiac irregularities, such as auricular 
fibrillation and heart-block, gallop rhythm, and hypertension, indicate cardiac 
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in%"olvement. The v'cnous pressure is high in right heart failure hut normal or 
low in puhuonarj' conditions. The circulation time, both arm-to-tonguc and arm- 
to-lung, is normal or shortened in pulmonary disease and delayed in heart failure 
either right or left. The roentgen ray film and fluoroscopic examination may 
give evidence of heart and aortic involvement, for example, an enlarged or valvu- 
lar type of heart, left ventricular hypertrophy, or a dilated or tortuous aorta, etc. 
In lung disease one may find a small heart or evidence of emphysema. The electro- 
cardiogram rnaj^ show definite evidence of myocardial involvement. The vital 
capacity is reduced in both states as is also the quantitative measurement of 
exercise tolerance. The basal metabolic rate is increased in conge.stive heart 
failure and in the presence of dyspnea or cyanosis. 

Observations of the Eoentgenographic Appearance of the Esophagus in the Diag- 
nosis of Disease of the Heart and Aorta. John B. Schwedel, M.D. 

AB.STRACT 

The use of a barium-filled esophagus in the diagnosis of heart disease has be- 
come widespread enough to warrant a few critical remarks as to its limitations. 
Enlargement of the left auricle displaces the barium-filled esophagus posteriorly 
and in the case of associated rotation of the heart, also slightly to the right. 
The esophagus crosses the arch near its junction %vith the descending aorta. It 
is attached here very frequently by dense adhesions so that elongation of the 
aortic arch associated with various cardiac conditions will di.splace the barium- 
filled esophagus posteriorly and to the left. These are seen best in the left 
anterior oblique (posterior displacement) position and po.stero-anterior (displace- 
ment to left) positions. The displacement due to aortic elongation may simulate 
that of an enlarged left auricle and must be differentiated from it by noting 
carefully the course of the esophagus in the postero-anterior view. Occasionally, 
elongation of the aorta is also associated with enlargement of the left auricle pre- 
senting a curve, not only to the left in the postero-anterior view, but also to the 
right in its lower portion. In certain congenital anomalies there is a deviation 
of the aorta to a central position or even to a dextro position so that the indenta- 
tion of the aorta is absent or may appear on the right side of the esophagus. 

The Effect of Irregular Ehythms of the Heart on. the Minute Volume Output of 

Blood Prom the Heart in Human Beings. Harold J. Stewart, AI.D., Norman F. 

Crane, M.D., John E. Deitrick, M.D., and William P. Thompson, M.D. 

ABSTRACT 

Since there are few reports in the literature concerning the behavior of the 
heart when subject to abnormal rhythms, the following studies were undertaken. 
Measurements of the cardiac output were made by the Grollman acetylene method, 
of cardiac size from 2-meter x-ray films, of the arm-to-tongue circulation time 
by the injection of deeholin intravenously, and of the venous pressure by direct 
method. The observations were made with the patients in the basal metabolic 
state. 

1. Two patients .suffering from paroxysmal auricular tachycardia and three 
patients exhibiting paroxysmal auricular fibrillation showed a smaller cardiac 
output and larger heart size than after reversion to regular cardiac mechanism. 

2. In seven patients subject to rapid auricular fibrillation and exhibiting 
dyspnea and cyanosis, the cardiac output was less, the heart size was larger, the 
circulation time was longer, and in two instances the venous pressure was higher 
than after the ventricular rate had been slowed by giving digitalis. Now, when 
reversion to the normal rhythm occurred, the heart still being under the influence 
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o£ digitalis, the heart size either bceainc smaller or remained unchanged, and the 
cardiac output either became greater or remained unaltered. 

3. In two patients subject to permancut complete heart-block, the cardiac out- 
put was less than the normal predicted output. In one instance the stroke volume 
was greater than normal, and in the other less than normal. 

It appears that rapid heart rates, whether the ventricles are boating regularlj- 
or irregularly, as well as the slow rate of complete heart-block, may be accom- 
panied by a diminished cardiac output. A heart subject to auricular fibrillation 
in which the ventricular rate is slowed by digitalis may be as effective as a immp 
as is that same heart after reversion to normal rhythm, the heart still being under 
the influence of digitalis. 

The Treatment of Eheumatic Carditis by Fever. Katherine Dodge, M.D., and 
Lucy Porter Sutton, M.D. 

AB.STKACT 

Among the patients with chorea treated at Bellevue Hospital with Induced 
fever, sixteen children had evidence of acute carditis at the time of treatment. 
In nine all signs of activit 3 ’' had subsided bj' the end of treatment. In the re- 
maining seven, signs were gone from a week or ten daj's following the end of 
the treatment. Because it appeared that the hearts of these children were bene- 
fited bj' induced fever, we are invc.stigating the effects of fever thcrapj' on 
carditis without chorea. Radiant cnergj’ is being used to produce fever. 

IVe have treated two children with subacute bacterial endocarditis with neither 
benefit nor harm; one child with extremely severe acute carditis accompanied bj- 
polj’arthritis and chorea, who subsequent!}' improved, but whether as a result 
of treatment we were unable to say; and five children with subacute carditis, in 
two of whom the activity of the infection was strikingly and promptly arrested. 
In the other three improvement followed more slowly. We believe that fever 
therapy in the treatment of the subacute forms of active carditis merits further 
investigation and that the presence of certain forms of organic heart disease is 
not a contraindication to the use of fever therapy in the treatment of other dis- 
eases. 

Characteristic Variations in Certain Experimental Chest Leads (Multiplane Chest 
Leads) With Experimentally Produced Myocardial Lesions, Experimental Ven- 
tricular Extrasystoles and Bundle-Branch Block. Joseph Weinstein, M.D., and 
David I. Abramson, JI.D. 

ABSTBACT 

The re.sults obtained with the use of multiplane chest leads in e.xperimentally 
produced ventricular lesions in the cat and dog are reviewed. The right and left 
arm load wires of the electrocardiograph were connected in various combinations 
to long linear electrodes placed on the chest wall anteriorly and posteriori}', 
parallel to and beyond the cardiac borders. The lesions were produced on various 
surfaces of both ventricles by means of an electric cautery. A study of the 
records obtained in 25 experiments revealed that the standard leads showed ES-T 
segment alterations in only about 50 per cent of the cases and Lead IV, in 60 
per cent. There were instances when both the standard leads and Lead IV re- 
mained normal, but in all the experiments two or more of the multiplane chest 
lends demonstrated the presence of a lesion. It was observed that the position 
of the posterior or indifferent electrode was important in the detection of e.xperi- 
mentnl myocardial lesions. It was found that three of these chest loads .showed 
characteristic changes which invariably localized the lesion to one or the other 
ventricle. Further studies demonstrated the value of these chest lead.s in locali- 
zation of exporirnontal ventricular extrasystolcs and bundle-branch block. 
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Boothby, Walter M., and Bsmearson, Edward H.: Increase in Circulation Bate 

Produced by Exophthalmic Gk)iter. Arch. Int. Mod. 55: 547, 1935. 

The circulation rate is increased in exophthalmic goiter. On the average, the 
greater the intensity of the disease, as measured by the oxygen consumption, 
the greater is the increase in the circulation rate. 

The increase in the circulation rate in patients with exophthalmic goiter who 
are not treated with iodine, according to the investigations of Liljestrand and 
Stenstrom, is much greater than that which occurs in normal persons as the re- 
sult of an increase in oxygen consumption due to work. 

The relative increase in the circulation rate for a given increase in oxygen 
consumption is definitely less in patients who are treated with iodine than in 
those who have not received iodine. However, even under these conditions the 
increase in the circulation rate was, on the average, both in these cases and in 
those of Fullerton and Harrop, slightly greater than that produced in normal 
persons by a degree of work that caused a similar increase in oxj'gen consump- 
tion. 

These facts suggest the hypothesis that in exophthalmic goiter, especially when 
the patient is not treated with iodine, there is present in the system a peculiar 
circulatory stimulant that causes a greater increase of the circulation rate than 
occurs in a normal subject as the result of a corresponding increase in oxygen 
consumption due to work. In exophthalmic goiter cither this peculiar circulatory 
stimulant is decreased in amount or its effectiveness is lessened by medication \\'ith 
iodine. 

Gladstone, Sidney A.: Cardiac Output and Belated Functions Under Basal and 

Postprandial Conditions. Arch. Int. afed. 55: 533, 1935. 

The acetylene method was applied in a study of the effect of digestion on the 
cardiac output in forty-four determinations on twelve subjects, of whom five 
had normal cardiovascular systems and seven presented some structural or func- 
tional abnormality. A source of error in the method of analysis of gases as 
Originally proposed is discussed; a corrective procedure was applied, resulting in 
a tendency to increase the results for the cardiac output by approximately 3 
per cent. As compared with the fasting condition, the effect of digestion on the 
circulatory system, as observed from one to three hours after taking a mixed 
meal of moderate size, consists in a .slight increase in the systolic pressure and 
usually a less marked fall in the dia.stolic pressure, re.sulting in an increase in 
the pulse pressure. The cardiac output in the normal subject increased by from 
11 to 4( per cent above the value during fa.sting, with an average increase of 
-3 per cent. In the abnormal subjects the increments varied by from 2 to 47 
per cent, the average increase being 17 per cent. Several atypical responses in 
the subjects with pathological conditions were noted. 
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Weiss, Soma, and Ellis, Laurence B.: Oxygen Otilization and Lactic Acid Pro- 
duction in the Extremities During Rest and Exercise. Arch. Int. !Mcd. 55; 6G5, 
1935. 

The utilization of oxygen and the production of lactic acid in the upper and 
lower extremitic.s were compared in normal subjects and in patients having heart 
disease with and without conge.stive failure. 

The average oxygen utilization during rest was essentially the same in the 
arm and in the leg. In heart disease without congestive failure, the utilization 
of oxygen during rest was normal in magnitude, but with congestive failure there 
was a tendency toward an increased peripheral utilization. This is evidence that 
in congestive failure the blood flow through the extremities is frequently re- 
duced. Edema of the leg was not found to be associated with a relatively or 
absolutely increased local blood flow. 

In the standing posture, the oxygen utilization of the extremities increased 
both in subjects with normal and in those with diseased cardiovascular systems, 
as a result, in part at least, of decreased blood flow. 

Immediately after exercise the oxygen utilization increased maikedly, but 
it returned to the level during rest within ten minutes. In a patient with heart 
disease the oxygen content of the femoral venous blood immediately after exercise 
was as low as 1.1 volumes per cent. 

The average resting level of the lactic acid in the extremities was between 
12 and 14 mg. for all groups. Immediately after the patients ceased walking, 
the lactic acid content of the femoral venous blood draining the active muscle 
more than doubled; it then fell rapidly during the next ten minutes but did not 
reach the level observed during rest within twenty minutes. The lactic acid 
content of the venous blood of the inactive arm rose slightly immediately after 
the exercise, but in ten minutes was similar to that of the leg, as a result of the 
mixing effect of the circulation. With the increasing severity of circulatory 
failure, there was a tendency for the femoral lactic acid to rise to a higher level 
than normal immediately after exercise and to fall more slowly. 

With the exception of one case of congenital intraventricular septal defect, 
the etiology of the heart disease played no role in the nature of the peripheral 
circulatory response. 

Certain patients showed marked cardiac disability, i.e., orthopnea, dyspnea, 
and low vital capacity of the lungs, and yet they had normal venous pressure, 
no edema, or hepatic enlargement and normal oxygen utilization and lactic acid 
response. The disability in these patients cannot be explained on the basis of 
the behavior of the peripheral circulation. When disturbances in the lactic acid 
production and peripheral circulation occur, they aro the result and not the cause 
of heart failure. 

Wilson, May G., Wheeler, George W., and Leash, Marguerite M.: The Relation 
of Upper Respiratory Infections to Rheumatic Fever in Children. II. Anti- 
hemolysin Titres in Respiratory Infections and Their Significance in Rheumatic 
Fever in Children. ,T. Clin. Investigation 14: 333, 1935. 

There is presented a correlation of the clinical course with the bacteriological 
and immunological observations in eighty rheumatic subjects observed over a 
period of twelve to eighteen months. 

The antistreptolysin titer for rheumatic subjects during apparent health gave 
a basal average of 135 units with a range of 25 to 715 units. There was no sig- 
nificant difference in the range of antistreptolysin titer observed for .subjects 
during apparent health and during respiratory and rheumatic infection. A com- 
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parison of the antistreptolysin titers of inactive rheumatic subjects during respira- 
tory and “streptococcal” respiratory infections showed a higher average titer 
and greater rise in titer for subjects experiencing respiratory infection unasso- 
ciated with hemolytic streptococci in the pharyngeal flora. Two-thirds of the 
subjects experiencing rheumatic activity unassociated with re.spiratory infections 
did not exhibit a rise in antistreptolysin titer. 

The antistreptolysin titer of active rheumatic subjects experiencing respira- 
tory and “streptococcal” respiratory infections was similar to that observed for 
inactive rheumatic subjects experiencing these infections. 

Following respiratory infections the antistreptolysin curve was characterized 
by a stoplike elevation within one to three weeks of the onset, rising to a peak 
and falling by lysis within one or two months on remaining platcaulike at inter- 
mediate levels for longer periods, showing successive peaks following repeated 
respiratory infections. 

The rise of the level of antistreptolysin in the scrum following respiratory 
infections seemed dircctlj^ related to the extent of the local and constitutional 
symptoms irrespective of the presence of hemolytic streptococci in the pharyngeal 
flora. 

The antistreptolysin curves observed in subjects who developed respiratory in- 
fection simultaneously with, or during, rheumatic activity were similar to those 
described in .subjects experiencing respiratory infections alone and bore no re- 
lation to the clinical course of rheumatic activity. 

These observations do not support the assumption that a rise in the anti- 
streptolysin titer of the serum is conclusive evidence of streptococcal respiratory 
infection. A rise in the antistreptolysin titer is not a necessary accompaniment 
of rheumatic fever in children. 

McIntosh, Rustin, and Wood, Charles L.: Rheumatic Infections Occurring in the 
First Three Years of Life. Am. J. Dis. Child. 49: S35, 1935. 

From the records of the Babies Hospital covering a period of about twenty- 
five years, a group of twenty-four cases has been selected in all of which the dis- 
ease appears to have begun before the ago of three j’cars and in which the evi- 
dence warrants the diagnosis of rheumatic infection. Six cases in which autopsy 
was performed are briefly presented. 

The incidence of rheumatic infection in subjects under throe years of age 
is probably greater than is generally recognized. History, symptoms, physical 
signs, and laboratory data in these cases arc variable, and the clinical picture is 
more often that of general infection than that of a specific disease entity. 

The outstanding feature of rheumatic infection manifest during the first three 
years of life is cardiac damage. In this series 9G per cent of the children ex- 
hibited either clinically or pathologically rheumatic heart disease. 

Wheeler, George W., Wilson, May G., and Leask, Marguerite M.: The Relation 
of Upper Respiratory Infections to Rheumatic Fever in Children. HI. The 
Seasonal Bacterial Flora of the Throat in Rheumatic and Non-Rheiunatic Chil- 
dren. J. Clin. Investigation 14: 345, 1935. 

The data presented are based on a twelve-month study of 4,867 throat cultures 
from 123 rheumatic children and 1,231 cultures from 109 nonrheumatic children. 

In addition to the basic flora of the throat, which is relatively constant for 
each individual, transient invaders are frequentlj' found and tend to show their 
maximum incidence at well-defined seasons of the year. The seasonal incidence 
of various organisms in the pharyngeal flora must be considered in evaluating 
their possible etiological significance. 
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A comparison of throat cultures from rheumatic and nonrheumatic children 
shows no significant difference in the frequency or time of appearance of 
hemolytic streptococci in the throat. There was no noteworthy difference in the 
incidence of hemolytic streptococci in the throat during axjparent health, upper 
respiratory infection, or rheumatic activity. 

These findings do not suggest any definite relationship between hemolytic 
streptococci in the throat and rheumatic fever. 

McGinn, Sylvester, and. White, Paul D.: Acute Cor Pulmonale Eesulting From 

Pulmonary Embolism. J. A. Jvl. A. 104*. 1473, 1935. 

Case histories of nine patients with the acute cor pulmonale secondary to 
pulmonary embolism are presented, accompanied by electrocardiographic studies 
in seven. 

The symptoms and signs of extensive pulmonary embolism are variable, but 
predominating at first arc those of shock — namely, collapse, pallor, sweating, ap- 
prehension, and a fall in blood pressure — followed by reaction to the infraction 
itself — namely, fever and elevation of the pulse and respirator 5 ’- rates. None 
of these cases showed acute chest pain in the absence of pleural involvement, 
but most of the patients complained of substernal oppression and suffocation. 
Eespiratorj' distress was marked in all cases. 

If the state of shock from extensive pulmonary embolism is not too great, or 
after it has largely cleared, there may be found signs indicative of the secondarj* 
effect of the pulmonary embolism on the heart itself: that is, the acute cor 
pulmonale (dilatation of the right chambers) attended by pulmonary artery dilata- 
tion. Auscultation in these cases frequently showed accentuation of the pul- 
monary second sound, gallop rhythm, heard best in and just below the pulmonary 
valve region, and in two cases a “pericardial” friction rub with maximal in- 
tensity in the region of the second, third, and fourth interspaces. Cyanosis and 
engorgement of the neck veins were common manifestations at some time during 
the attack. These changes remained for onlj* a short period in some of the 
cases. Pleural friction rubs were hoard frequently. 

Electrocardiograms taken soon after the occurrence of the pulmonary embolism 
showed similar changes in five of those patients, and, in two others taken some 
time after the attack, they had some of the characteristics, although they were 
less definite. The changes that appear significant arc the presence of a Q-wave 
and late inversion of the T-wavc in Lead III, the rather low origin of the T-wave 
with a gradual staircase ascent of the ST interval in Lead II, a prominent S-wavc 
and a slightly low origin of the T-wavc in Lead I and an upright T-wave (with 
inverted P and QES waves) in Lead IV. In none of the cases was loft axis 
delation present at the time of the acute episode, whereas the tracings of two 
patients showed definite right axis deviation. 

Electrocardiograms of two patients taken after recovery showed a complete 
disappearance of the changes already mentioned, and in a third patient there 
was almost a complete disappearance of abnormalities in a record taken forty- 
eight hours after the attack and twenty-seven hours after the first electrocardio- 
gram. All three of thc.so cases showed a change in the axis deviation; one had 
a prolonged P-E interval and in one case in Lead IV, the T-wavc was reverting to 
normal (inverted). Pollow-up studios indicate that the electrocardiographic 
changes are temporary and may disappear within forty-eight hours after the at- 
tack of pulmonary embolism. 

It is probable that the changes observed clinically and the electrocardiographic 
variations in cases showing the acute cor pulmonale consequent to pulmonarv 
embolism are due in large part to dilatation and partial failure of the charnber- 
of the right side of the, heart. 
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Magee, H. Ross, and Smith, Harry L.: Auricular rihrillation in Hyperthyroidism. 

Am. J. M. Sc. 189; 683, 1935. 

Subjected to the effects of hyperthyroidism, old patients are prone to have 
auricular fibrillation; young patients, to maintain normal cardiac rhythm. The 
increased incidence of auricular fibrillation among older patients with hyper- 
thyroidism is only partially attributable to the frequent occurrence of coronary 
sclerosis and hypertension after the age of forty. Advanced age itself, although 
unaccompanied by these processes, determines an increased susceptibility of the 
heart to auricular fibrillation and adds to the likelihood of its becoming decom- 
pensated under the stress of hyperthj'roidism. 

Among 210 cases of auricular fibrillation associated with hyperthyroidism, 
cardiac enlargement occurred in 79, in 35 of which there was no evidence ot 
hypertension or of preexisting cardiac di.seasc. In the same group of eases of 
auricular fibrillation, cardiac decompensation was present in 62; in 29 of these, 
hyperthyroidism was the only cause found for the cardiac decompensation. In 
only 2 cases did cardiac enlargement or decompensation afflict patients under 
forty years of age. 

Auricular fibrillation resulting from hyperthyroidism is more often transient 
or intermittent than prolonged or continuous, especially when not accompanied 
by serious myocardial injury. The arrhythmia often develops, for the first time, 
during the immediate postoperative period, in which case it ceases spontaneously 
within a few hours to a few days. Even when cardiac injury has occurred, the 
fibrillation of the auricles is frequently replaced by normal sinus rhythm when 
the heart has been relieved of the strain of hjq)erthyroidism. 

Hyperfunctioning adenomatous goiter results in auricular fibrillation and other 
signs of myocardial insufficiency more often than docs exophthalmic goiter. The 
longer duration of hyperthyroidism in adenomatous goiter is a less important 
factor in producing the higher incidence of myocardial injury in this disease. 
Advanced age seems a much more important factor than duration or intensity 
of symptoms in determining the incidence of auricular fibrillation and myocardial 
insufficiency of patients with hyperthyroidism. 

LaPlace, L. B.: Observations on the Effect of an Arteriovenous ristula on the 

Human Circulation. Am. J. M. Sc. 189: 497, 1935. 

A case of traumatic femoral arteriovenous fistula is reported together with 
observations made with the fistula open, during external compression of the 
fistula, and after successful surgical repair. Significant changes in the cardio- 
vascular system are described. 

The inconstant relationship between the characteristic rise of blood pressure 
and slowing of the pulse rate on occlusion of the fistula leads to the conclusion 
that the bradycardiac reaction is not due exclusively to blood pressure changes. 

The basal minute volume of the heart was increased 24 per cent by the fistula, 
but even in the presence of the increased output there was eiddencc of a rela- 
tively diminished capillary blood flow. 

In the standing posture compression of the fistula caused a conspicuous in- 
crease in translucency of the lung fields as seen fluoroscopically, indicating a 
marked decrease in the blood content of the lungs. 

The area of the silhouette and the transverse diameter of the heart were re- 
duced by 43 per cent following treatment. It is concluded that the cardiac enlarge- 
ment uas due, as Lewis and Drury suggest, to a relativeh' inadequate coronary 
blood flow. 
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It is suggested that the total ablation of the thjToid in cases of coronary in- 
sufUciency may be of direct benefit to cardiac function in a manner analogous to 
the effect of closure of an arteriovenous fistula. 

Quimo, Norberto, and Coho, Jorge Lavalle; Capillaroscopy in States of Acro- 
cyanosis. Eev. argent, de cardiol. 1: 470, 1935. 

As the result of capillary studies in patients suffering from acrocyanosis, the 
following characteristics were established: cyanotic fundus; stretching; dilata- 
tion and tortuosity of the loops, particularly of the venous branch; dilatation of 
the veins of the subpapillar plexus; very slow blood current and dark blood. 
The direct action of cold and warm water tests on capillaries, as well as the 
vasoconstricting effect of pituitary extract and vasoparalyzing effect of hista- 
mine, were observed. Different theories are suggested to explain the etiologj' of 
this vasomotor .syndrome. It is believed that the alteration is duo to a low 
tonus of the capillary venous system. The constricting effect of pituitary extract 
on capillaries suggests its use in cases of aerocyaTiosis. 

De Takfits, G6za: Peripheral Vascular Disease. Its Significance for General Prac- 
titioners and Specialists. J. A. Af. A. 104: 1463, 1935. 

This brief survey of the principles of examination, diagnosis, and management 
of peripheral vascular disease should focus some attention on these common and 
other significant disorders of peripheral circulation. Most of such material is 
primarily in the hands of the general practitioner. Some of them will complicate 
or obscure the problems of other .specialties. The more intensive studj' of these 
peripheral circulatory disturbances will lead to earlier and better therapeutic 
results. 

There is a brief discussion of methods of examining the peripheral pulse, skin 
temperature, posture, changes of color, cutaneous histamine reaction, blood pres- 
sure measurements, reflex dilatation to heat, and certain other methods. 

Cohen, Alfred E., and Lewis, William H.: Lobar Pnetunonia and Digitalis. Am. 

J. M. Sc. 189: 457, 1935. 

An analysis of 1,456 cases of lobar pneumonia observed in the Hospital of the 
Kockef oiler Institute has been undertaken. The patients were admitted over a 
period of twenty-one years, from 1911 to 1932. An effort was made to ascertain 
what influence the action of digitalis has on the course of this disease. Its 
action, in favorable cases, in which auricular fibrillation and auricular flutter 
occur, appears to be beneficial. 

The outcome in lobar pneumonia depends on the severity of the disease, which 
in turn depends especially on the presence of baeteriemia, the number of pul- 
monary lobes involved, and the existence of complications. 

It is not certain whether the action of digitalis precipitates the occurrence of 
auricular fibrillation. If it does so, the number of cases is small, especially in 
the earlier decades. 

The proximity of death does not detennine the onset of auricular fibrillation. 
Even when it was present, it ceased in ten of eighteen cases before death. 

Heart-block did not occur during the febrile period of lobar pneumonia except 
in those patients to whom a suflicient amount of digitalis was given to bring it 
about. 
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GraylDiel, Ashton, and White, Paul D.: Diseases of the Heart: A Eeview of 

Contributions Made During 1934:. Arch. Int. Med. 55: S42, 193.5. 

This review is introduced with the following statements: 

There has not been a major contribution to the knowledge of heart disease dur- 
ing 1934. Minor advances have been made, however, and some recent gains con- 
solidated. This review does not include all that has been done; it suffices merely 
to indicate certain trends and to cite some of the more interesting publications. 
While a few of the reports seem more wonderful than probable, an especially crit- 
ical attitude has been avoided because the newness of the work prevents conclusion. 

Bohning, A., and Katz, L. N.: The Four-Lead Electrocardiogram in Coronary 

Sclerosis. Am. J. M. Sc. 189: S33, 1935. 

A total of 50S electrocardiograms taken with a Lead IV have been analyzed and 
the data tabulated and summarized. Two hundred were from patients clinically 
diagnosed to have coronarj* sclerosis, 50 from patients suspected of having coronary 
sclerosis but without definite symptoms, 100 from patients with suspected' cardiac 
disease, 25 from individuals with normal hearts, and 133 from patients known to 
have other types of organic heart disease. 

It was found that patients with coronary sclerosis showed abnormalities in Lead 
IV more often than any of the control groups. 

The abnormalities in Lead IV in the patients with coronary sclerosis were almost 
always associated with abnormal findings in the conventional three leads, but the 
de^’iations were usually more striking in Lead IV. 

Patients with coronary sclerosis having clinical evidence of myocardial incom- 
petence showed abnormalities in Lead W more often than patients without such 
myocardial incompetence. 

The four major types of abnormal Lead IV found in patients with coronary 
sclerosis are described. They are the positive QES^ type (the most common), the 
negative QKS^ type, the positive and diphasic T^ type, and the deeply negative 
T^ type. 

The value of Lead W in determining the status of the coronary circulation was 
confirmed by postmortem examination in seven eases of coronary sclerosis. 

Serial four-lead electrocardiograms were obtained in 56 of the 200 patients with 
coronary sclerosis covering a period of from four months to two years or more. 
Analysis of these records and, in addition, those obtained on patients with recent 
coronary occlusion and other conditions showed the value of serial electrocardio- 
grams in evaluating the state of the coronary circulation. This is particularlj' im- 
portant because of the paucity of precise clinical evidence in a large number of 
such patients. 

If records obtained in patients suffering from acute infectious processes, those 
taken on moribund patients, and those taken on patients given large doses of 
digitalis are excluded, then one can determine from serial four-lead electrocardio- 
grams whether the coronary insufficiency is: (3) an acute transitory coronary insuffi- 
ciency, i.e., angina pectoris, nocturnal dyspnea, cardiac asthma, or its equivalent; 
(2) a subacute sclerotis with myocardial infarction; (3) a chronic nonprogressive 
coronary insufficiency; or (4) a chronic progressive coronary insufficiency. This 
functional classification should prove as useful in evaluating the clinical course of 
the patients ns the anatomical and etiological classifications. 

This study emphasizes the importance of taking serial four-lead electrocardio- 
grams in all patients suspected of having coronary disease in estimating the degree 
of insufficiency of the coronary uirculation and the rate of its progress. 
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Schwalj, Edward H., and Herrmann, G-eorge: Alterations of the Electrocardio- 
gram in Diseases of the Pericardium. Arch. Int. Med. 55: 917, 1935. 

Seven cases of pericardial disease of various types are presented with abstracts 
of the clinical histories, complete physical and pertinent laboratory' data, and serial 
electrocardiographic studies. 

A complete review of the available literature on tho subject has been attempted. 

The similarity of the deviations in the RS-T sector in cases of pericardial effusion 
to those occurring in cases of coronary thrombosis rvith infarction is reiterated. 

Attention is directed to the previously unmentioned but significant inversions of 
the T-wave which follow the changes in the ES-T segment in cases of excess fluid 
in the pericardial sac following reabsorption, thus continuing the electrocardiographic 
analogy between pericardial effusion and cardiac infarction. 

The occurrence of progressive changes in the T-wave in acute fibrinous peri- 
carditis without an accompanying effusion and without preceding abnormalities in 
the RS-T segment is emphasized. 

An evaluation of the electrocardiographic differences between pericardial disease 
and cardiac infarction is presented. The absence of tire development of significant 
abnormalities of the Q-wave in pericardial pathological processes is stressed. No 
information of dift'erential diagnostic value is apparently to be derived from the 
use of Lead IV. 

Some theories as to the mechanisms operative in tlie production of the types of 
electrocardiographic changes encountered, based on the clinical and experimental 
studies, are brought forth. The changes in the ES-T sector are apparently the 
result of ischemia of the cardiac muscle, and the progressive and retrogressive 
changes in the T-wave seem to be associated with organization and repair of tho 
process in the epicardium and subepicardial myocardium. 

Tennant, Robert, and Wlggers, Carl J.: The Effect of Coronary Occlusion on 

Myocardial Contraction. Am. J. Physiol. 112: 351, 1935. 

An optical myograph suitable for recording localized contractions from a ven- 
tricular surface and a technic for its correct application are described. 

Normal myograms recorded simultaneously' with aortic or ventricular pressure 
curves, though slightly deformed by oscillations during the isometric contraction and 
relaxation phases, clearly show the natural shortening which occurs during ven- 
tricular ejection and the lengthening which follows isometric relaxation. 

Occlusion of a main coronary branch is foEowed by' an evoluting series of myo- 
graphic changes which indicate progressive enfeeblement of contraction to the extent 
that approximately' within a minute the area stretches during isometric contraction, 
remains stretched during systolic ejection, and shortens quickly during isometric 
relaxation; in short, the myogram is completely inverted. Similar changes in con- 
traction of the right ventricle occur following ligation of the right coronary artery-. 
Tiiese observations demonstrate convincingly the functional inadequacy of described 
collateral circulation in normal hearts. 

Reestablishment of the normal blood supply is followed by a reversed series of 
myographic changes with restoration of normal vigorous contractions provided that 
the period of ischemia is not too long in duration. 

Pailure of shortening is due to enfeeblement or abrogation of contraction and 
not to failure of impulses to reach the areas involved or to excite them. 

The oxygen requirements for maintaining efficient contractions in the normally 
working heart are high as evidenced by- the failure to maintain efficient contractions 
when an area is being perfused with highly oxygenated Locke’s solution. 

Tiio observations supply- tangible proof for the correctness of Orias’ hypothesis 
tlmt coronary occlusion produces an early abbreviation of total ventricular systole 
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with little or no decline of systolic pressure tlirougli a progressive decrease in ampli- 
tude and duration of contraction in the ischemic area. The results suggest further 
that the tendency for development of hypodynamic ventricular beats following coro- 
nary occlusion may not necessarily be due to fatigue of the remaining contracting 
fibers, but can be explained by loss of pressure in expanding the regions in which 
contractions are enfeebled or absent. 

Several clinical implications of the results are briefly discussed. 

Brown, Morton G.: The Eelationship of Coronary Arteriosclerosis to Auricular 

Fibrillation With Special Reference to the Term “Arteriosclerotic Heart Dis- 
ease.” New England J. iSred. 212: 0(5.^, 10.^5. 

An analysis wa.s made of all cases coming to postmortem examination at the 
Peter Bent Brigham Hospital in the years Ifllil to lO.SPi that showed auricular libril- 
lation exclusive of tliose with known rheumatic valvular disease. Particular atten- 
tion was paid to the relation between this irregularity and disease of the coronary 
arteries. There were 119 cases, 91 with permanent and 28 with transient auricular 
fibrillation. 

Hypertension was an etiological factor in 79.3 per cent of the cases with perma- 
nent fibrillation and in S6.5 per cent of the eases with transient fibrillation. Sig- 
nificant disease of the coronary arteries, although fairly frequent among those with 
hypertension, was not common as the sole factor in the development of permanent 
auricular fibrillation. Angina irectoris and coronary thrombosis were comparatively 
raro in patients who had had auricular fibrillation. There was a group of nine 
cases classified as of undetermined etiology which had no significant coronary artery 
disease or known previous hypertension. 

There were nine eases showing other forms of heart disease, such ns pericarditis 
and unrecognized stenosis of one of the valves. Finally there were additional fif- 
teen instances with auricular fibrillation with no disease of the heart, five of which 
had hyperthyroidism. 

Males predominated over females in a proportion of 2 to 1, and the ages ranged 
from thirty-nine to eighty-nine years with the majority between the years fifty to 
seventy. The heart weight was greater in the males and in those with permanent 
fibrillation than in the females or in those with transient fibrillation. Although con- 
gestive failure was the most common cause of death, it is of interest that pulmonary 
infarction was quite frequent and renal insufficiency rare. 

Evidence is presented that marked peripheral sclerosis of itself need be no indi- 
cation that the coronary arteries are sclerosed nor that the efficiency of the heart 
is in any way altered. From this it is therefore snggosted that the term “arterio- 
sclerotic heart disease” should be given up entirely or clarified in its expression. 

Maynard, E. P., Jr., Curran, J. A., Rosen, I. T., Williamson, C. G., and Lingg, 

Claire: Cardiovascular S 3 T)hilis: Early Diagnosis and Clinical Course of 

Aortitis in Three Hundred and Forty-Six Cases of Syphilis. Arch. Int. Med. 

55: 873, 193.5. 

Picsent investigation was planned in order to study the natural history of syph- 
ilitic infection in relation to its effect on the cardiovascular .'sy.stem. Three hundred 
and forty-six patients with syphilis were studied. One hnndred and forty-five (41.9 
per cent) showed positive evidence of cardiovascular syphilis. 

There were fourteen adult patients with congenital syphilis. In none of these 
was evidence of syphilis of the heart or aorta found. 

Tlie date of occurrence of the primary lesion was known in about half of the 
l).\tients (J.') per cent). The average age at which infection occurred was twenty- 
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six years. In a quarter of the patients studied, the chancre appeared before the 
age of twenty-one j'ears. 

One-fourth came for examination within one year, and one-half within ten years, 
after the occurrence of the initial lesion. 

Evidence of cardiovascular sj'philis was found within ten years after the appear- 
ance of the chancre in one-fourth of the cases, although the average inten-al from 
infection to the discovery of heart disease was twenty years. Symptoms were some- 
what slower in making their appearance. One-fourth of the patients complained 
of symptoms within fourteen years after the development of the primary lesion. 
The average interval before symptoms occurred was twenty years. 

Evidence of cardiovascular syphilis was found within the first three years after 
the appearance of the chancre in 8 patients (14 per cent). One in the entire group 
complained of symptoms referable to the heart. 

Of twenty-one persons wlio were not examined until four to nine years after 
primary infection, six (28.(3 per cent) revealed the presence of cardiovascular sj’ph- 
ilis. Two of these suffered from aortic insufficiency, and one, from aneurysm. Symp- 
toms were present in three of tlie six. 

Among thirty-seven jrersons wlio were not examined until ten to nineteen years 
after the primary lesion, twenty-one (56.8 per cent) exhibited evidence of cardio- 
vascular S 3 'philis. Symptoms appeared in 51.3 per cent of these. Heart failure 
occurred in two patients, in both of whom aneuiysm or aortic insufficienej' was 
present. 

In a group first observed from twenty to twenty-nine years after infection, 77.8 
per cent exhibited signs of syphilitic heart disease; 40 per cent presented either 
aortic insufficiency or aneuiysm. Symptoms were present in 78 per cent. 

Of seventeen persons who wore first examined thirty or more years after infec- 
tion, fifteen revealed the presence of cardiovascular syphilis, and seven either the 
presence of aortic insufficiency or of aneurysm. Three quarters of tliem complained 
of cardiac symptoms. 

Heart failure occurred only in those patients in whom aortic insufficiency, 
aneurysm, or involvement of a coronary artery developed. 

There wore significant changes in the electrocardiograms within ten j’cars after 
the appearance of the chancre in only 10.4 per cent. Ho changes were found that 
could be considered characteristic of the condition. 

A case is reported of a patient whose condition was diagnosed as syphilitic dis- 
ease of a coronarj- arteiy, who died within two j’ears after the occurrence of the 
chancre. Postmortem examination confirmed the diagnosis. 

From this studr- the following conclusions were drawn: 

Sj'philis of the aorta can be recognized much earlier now than it could be in the 
past. In order to discover its presence, it is necessary that everr- syphilitic patient be 
examined regularly bj' methods need in making a diagnosis of cardiovascular disease. 
These examinations should be repeated once in six months or once a j-ear. 

Roentgenograms and fluoroscopic examination provide the most reliable means 
of deciding whether abnormality of the aorta is present in carh' syphilis. 

Heart failure occurs only in those patients in whom syphilitic involvement has 
passed bej’ond the stage of simple aortitis. In the patients studied, myocardial 
failure appeared only after the development of aortic insufficienej’, aneurj’sm, or 
narrowing of the coronary arteries. Multiple gummas may be regarded as a cause 
of heart failure, but this condition was not encountered in this study. It is well 
known that these four manifestations are late lesions. Sj-mptoms of heart failure 
u.sually prompt patients to seek relief in clinics for cardiac disease. Since these 
tend to occur late in cardiovascular syphilis and since no special routine effort has 
been made in the past to examine .syphilitic patients for evidence of cardiovascular 
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disease, the discovery of aortitis has been delayed. It is probably not true that 
syphilitic aortitis is a late lesion occurring, on the average, twenty years after the 
occurrence of the chancre. The authors’ opinion is that involvement of the aorta 
begins soon after the chancre has appeared and that in the past discovery of the 
presence of the disease has been delayed by the late development of symptoms refer- 
able to the heart and more especially by inadequate methods of examination. 

Schwarz, Herman, and Leader, Sidney: Latent Cardiac Complications Following 

Sydenham’s Chorea. Am. J. Dis. Child. 49: 952, 1935. 

Seventy-five cases of so-called “pure” chorea were observed for from one to 
twelve years for evidence of cardiac involvement. Tiie term “pure” chorea was 
used for the cases of chorea in which no other manifestations of rheumatism were 
noted clinically. 

The longer the period of observation after the first attack of chorea, the higher 
was the percentage of cardiac involvement found; it apparently reached 100 per 
cent after se%’en or eight years, although the number of cases studied is too small 
to permit a definite statement. The signs of cardiac involvement developed in- 
sidiously, without recognizable attacks of rheumatic fever and in some cases with- 
out further attacks of chorea. In this series aortic murmurs, pericarditis, and 
subcutaneous nodules were ne%-er encountered. 

It seems probable that what is said of rheumatic fever may also be said of 
chorea: “The heart is always involved.” This probable cardiac involvement is 
added evidence that Sydenham’s chorea is of rheumatic origin. 

Ferris, Eugene B., Jr., and Myers, Walter K.: Initial Attacks of Rheiunatic 

Fever in Patients Over Sixty Years of Age. Arch. Int. Afed. 55: S09, 19.35. 

Six cases of patients over sixty years of age with first attacks of rheumatic 
fever are reported. In tiiree cases the diagnosis was confirmed at autopsy. 

The course of the disease is similar to that in younger persons, except that the 
manifestations in the joints are possiblj' less intense and more persistent. 

In older patients with polyarthritis, rheumatic fever should be considered as a 
diagnostic possibility. 

McIntosh, Eustin, and Wood, Charles L.: Eheumatic Infections Occurring in the 

First Three Years of Life. Am. J. Dis. Child. 49: 835, 1935. 

The authors have selected from the records of the Babies Hospital, covering a 
period of about twenty-five years, a group of twenty-four cases in all of which 
the disease appears to have begun before the age of three years and in which the 
evidence warrants the diagnosis of rheumatic infection. This series and others 
illustrate that rheumatic infection is rare, although not exceptional, before the age 
of three years. The incidence is probably greater than is generally recognized. 

The history, symptoms, physical signs, and laboratory data in these cases are 
variable, and the clinical history is more often that of general infection than 
that of a specific disease entity. The outstanding feature of rheumatic infection 
manifest during the first three years of life is cardiac damage. In this series 96 
per cent of the children exhibited, either clinically or pathologically, rlieumatic 
heart disease. Six eases in which autopsy rvas performed are briefly presented. 

King, Robert L.: Heart Disease in the Pacific Northwest. Northwest hfed. 34: 

154, 1935. 

Heart disease ranks first as a cause of death in the states of the Pacific North- 
west; furthermore, there has been a progressive rise in the mortality rate from this 
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cause, paralleling that of the United States Registration Area. Morbidity statistics 
compiled from hospital records are not reliable. 

An analysis of the records of 556 private patients suffering from organic heart 
disease was made to determine the relative incidence of the various etiological fac- 
tors, as well as their associated abnormalities. From this study hypertension (49.4 
per cent), arteriosclero.sis (20.3 per cent), and rheumatic fever (20 per cent) were 
found to represent the etiological factors in 90 per cent of the cases. Other less 
frequent factors were syphilis, thyrotoxicosis, and congenital maldevelopments. 
Acute rheumatic fever was rare, and syphilis was not a common cause of heart 
disease, findings which correspond to similar groups of private patients. Subacute 
bacterial endocarditis occurred in 2 per cent of the patients. 

Katz, Louis N., Mayne, Walter, and Weinstein, William; Cardiac Pain: Pres- 
ence of Pain Fibers in the Nerve Plexus Surrounding the Coronary Vessels. 

Arch. Int. Med. 55: 760, 1935. 

The observation of earlier workers is confirmed that occlusion of the coronary 
vessels and the surrounding tissue in the unanesthetized dog gives rise to an effec- 
tive response resembling an anginal attack. The response from this procedure is 
similar to that obtained on compressing a superficial somatic sensory nerve, save 
for the inability of the animal to locate the site of irritation. 

The results show that this response is due not to the occlusion of the coronary 
artery, but to stimulation of afferent fibers located in the nerve plexus surrounding 
the vessels. The evidence for this is: 

1. Occlusion of a carefully isolated strip of the coronary artery caused no re- 
sponse, but a definite response was obtained when the undissccted coronary vessels 
above and below this point were compressed. 

2. Destruction of the nerve plexus with phenol and alcohol abolished the response 
to compression, but the response was still positive when a region above the phenol- 
ized area was stimulated. 

3. Complete preliminary occlusion of the carefully isolated coronary artery did 
not prevent a positive response to compression above or below this point. 

4. Pericardial tamponade following bleeding from a ruptured coronary artery 
caused syncope but no ‘ ‘ anginal ’ ’ response. 

5. Positive affective responses occur only when the region about the coronary 
vessels is compressed. The rest of the myocardium and epicardium is insensitive to 
stimulation by pressure. 

It is concluded that ischemia of the myocardium is at most one of many mecha- 
nisms operating on the nerve endings and nerve fibers which may give rise to 
anginal attacks. 

Goldsmith, Grace A., Brown, George E.: Pain in Thrombo- Angiitis Obliterans. 

Am. J. M. Sc. 189: 819, 19.35. 

There are seven distinct recognizable types of pain in thromboangiitis obliterans. 
The two major factors involved in the production of pain are ischemia and inflam- 
mation. The types of pain observed in arteriosclerosis obliterans arc similar to 
those in thromboangiitis obliterans, with the exception that pain resulting from 
phlebitis and arteritis is absent. 

Intermittent claudication was the initial symptom in more than 90 per cent of 
the cases in this series. The recognition of the arterial basis of this symptom is of 
crucial importance, ns avoidance of ulcers and gangrene and preservation of limbs 
depend largely on early appreciation of the circulatory impairment. The presence 
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or absence of pulsations in tlic pcriplicral arteries should be determined in any 
case in •n-liich pain in the extremities is a prominent feature. 

All types of pain present in this disease, are amenable to treatment with the 
exception of that attributable to severe degrees of ischemic neuritis. 

The decrease in the incidence of amputation in cases of thromboangiitis obliterans 
has followed, to a large degree, the effective treatment of pain. 

Brams, William A., Golden, J. S.: The Early Response of Venesection With Ob- 
servations on So-Called Bloodless Venesection. Am. .T. Sc. 189; 813, 1935. 

So-called ''bloodless venesection” failed to reduce venous pressure or to modify 
pulse rate or arterial pressure in patients with cardiac failure. These results arc 
in contrast to the changes observed in the santc patients after bloodletting. 

The effects of ordinary venesection were studied in fifteen patients with cardiac 
failure. Observations were made every five minutes for a period of one hour after 
venesection was completed. 

It was exceptional for either the systolic or diastolic arterial pressure to show an 
appreciable fall after venesection or during the period of observation. The same 
results were obseiwed in patients with arterial hyj)ertcnsion as in those with normal 
pressure. 

The pulse rate remained unchanged in all experiments. 

Venous pressure fell consistently after bloodletting, the maximum drop occurring 
immediately after completion of venesection. The fall began early in the course 
of venesection, becoming apparent after removal of the first 100 c.c. of blood and 
continuing to drop as more blood was withdrawn. A partial return toward the 
control level within a few minutes was observed in the majority of instances, but 
the level of venous pressure after an hour was usually lower than the control level. 

The fall in venous pressure was especially marked in cases in which venous hyper- 
tension existed, and the actual drop also depended greatly on the cpiantity of blood 
removed. The greatest drop usually occurred in cases of venous hypertension in 
which from GOO to SOO c.c. of blood were removed, though it so happened that a 
level nearer to normal was reached in the cases with a smaller blood removal. 

The practical significance of the fall in venous pressure after venesection, in 
relation to cardiac failure, is briefly discussed. 

Morlock, Carl G., Horton, Bayard T.: Variations in Blood Pressure in Renal 

Tuberculosis. Am. J. ;M. Sc. 189: 803, 1935. 

As a result of the analysis of the systolic blood pressures of 34G ])ationts who 
had proved renal tuberculosis, we cannot concur in the opinion generally expressed 
that an active tuberculous lesion, regardless of its situation, has an accompanying 
arterial tension lower than normal. In the scries of cases analyzed it was found 
that the vast majority of patients (approximately .7G per cent) had normal blood 
pressures, 22 per cent had hypertension — that is, a systolic pressure of 140 mni. of 
mercury or more — and approximately 2 per cent had hypotension — that is, a systolic 
blood pressure less than 100 mm. of mercury. The number of patients in this series 
with hypertension or hypotension was not any greater than was found in a larger 
control series of normal individuals in the same age groups. 
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THE PRODUCTION OF A COLLATERAL CIRCULATION TO THE 

HEART 


I. An Experimental Study* 

Claude S. Beck, M.D., and V. L. Tichy, M.D. 
Cle%t5land, Ohio 


T T IS a perversity of nature that the most important muscular structure 
A in the body is the most defenseless. If the blood supply to an extrem- 
ity is cut off by an obstruction to a major artery, a collateral circulation 
to tlie extremity usually develops, and function is restored. If the blood 
supply to the heart is cut off bj' an obstruction to a major artery, the 
heart may come to a complete and permanent standstill', and little or no 
opportunity is afforded for a collateral circulation to develop. The 
appalling incidence of sudden death from heart failure in our adult 
population attests to the destructive nature of coronaiy disease. 

IMan’s anatomical pattern jirovidcs the heart with two almost friction- 
less .surfaces which constantly glide over each other,. The onlj^ direct 
continuity of the heart with the rest of the body is through the walls of 
the great vessels, tlie fat, tlie nerves, and the lymphatics which form an 
anchorage for the heart, so to speak, at its base. ‘Wliile the heart is in 
direct contact with other structures over its entire surface, it has a mini- 
mum amount of direct continuity -with such adjacent structures. Un- 
wittingly, nature to a marked degree has deprived the heart of a mo.st 
important compensatoiy property, namely, that of developing an ade- 
quate collateral blood supply to meet an emergency, to preserve life 
during the firet moments, houi-s, days, and weeks after a serious coronarj- 


Surprical Re.-=c.arcli of the W'estcni Reserve University 
School of ^fccHcinc and the I.*ahcside Hospital, u/jj\ li. ic.v 
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accident. If life is preserved over a sufficiently long period of time, the 
process of coronary occlusion can go on to completion.’- In other words, 
complete closure of the coronary ostia at the aorta is compatible with 
life. In these cases the myocardium draws from other sources for its 
blood supply. The substitution of another source of blood supply for 
the normal source of blood supply must be done slowly. It can be done, 
but the number of times that nature has succeeded in making this sub- 
stitution is excessively small. At some place along the waj'" life is 
snuffed out like a candle flame. 

Under normal conditions the heart has three sources from which it 
can receive a supply of blood : the eoronarj’- arteries, the thebesian ves- 
sels, and the extracardiac anastomoses between the coronary system and 
the blood vessels in the fat and other tissues at the base of the heart. The 
tissues at the base of the heart normally are not richly vascularized, but 
communications between the coronary system and the vessels in these 
tissues have been demonstrated.® Blood vessels have been demonstrated 
also in adliesions between heart and pericardium.® These extracardiac 
anastomoses were demonstrated by the injection of lampblack into the 
coronary system. That such blood vessels exist in adhesions to the human 
heai’t was confirmed by direct observation at operation (C. S. Beck, 
Nov. 10, 1934), In this instance an adhesion extended from the base of 
the left ventricle to the parietal pericardium. When the adhesion was 
cut, active bleeding occurred from each end of the transected tissue. The 
bleeding appeared to be more brisk from the cardiac end than from the 
pericardial end. This is the first direct observation of the functional 
nature of such blood vessels in man.* 

Our interest in the production of a collateral vascular bed to the heart 
was an outgrowth of a discussion that Dr. Alan R. Moritz had with the 
senior author of this paper (G. S. Beck) toward the close of 1931. He 
directed attention to the presence of blood vessels in pericardial ad- 
hesions in cases without any coronary occlusion and also in cases with 
eoronarj- occlusion. He referred to the case reported by ThoreB in 
1903 — ^in a patient who had pericardial adhesions and complete oblitera- 
tion of both major eoronarj’^ arteries. It was suggested by Thorel and 
emphasized bj* h'loritz that these adliesions provided a blood supply to 
the heart. On the basis of this information it became our intention to 
produce experimentally a new vascular bed to the heart. The first ex- 
periments with this purpose in mind ivere done bj’^ Beck in Februaiy, 
1932. Dr. Moritz followed the work with interest and gave us valuable 
suggestions concerning the injection and studj’’ of the specimens, t 


the vascular nature of cardiopericardial adhesions in experimental 
animals several years agro in our studies of chronic cardiac compression. 

wnggers. Hr. Carl Eenhart, Hr. Howard T. 
the viWe.U'il,*?''' T. "tVearn for suggestions and interest in the -worlc, and also 

tne -v.inous internes in the Lakeside Hospital for assistance in many of the operations. 
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METHOD 


The problem of producing a new blood supply to the heart resolved 
itself into two components. One was to make available a satisfaetory 
vascular bed for the heart. The other was to produce the stimulus which 
would bring about continuity betAveen tlie cardiac and extracardiac vas- 
cular beds. The work progressed largely by virtue of the trial and error 
method. The operative procedure underwent almost constant evolution. 

Tlie available iDed for vascularization of the mj'ocardium consists of 
the pericardium, pericardial fat, mediastinal tissues, pleura, diaphragm, 
substernal muscles, the musculature of the thoracic Avail, and the omen- 
tum. In these experiments the pericardiiun, the pericardial fat, and the 
mediastinal tissues Avere utilized for the vascular bed (Figs. 1 and 2). A 
series of experiments is noAV being carried out in AA’hich adjacent muscles 
are being utilized for the source of blood supply. We arc also canying 
out experiments in Avhieh the omentum is brought to the heart through an 
opening in the diaphragm. Direct continuitj" betAveen the vascular bed 
and the heart Avas cstal)lished by the production of adhesions. The 
methods of producing adhesions were by incision of myocardium and 
suture of pericardium into the Avound or by removal of epicardium and 
endothelial lining, of the pericardium. Sandpaper, emery paper and 
finally special burrs Averc used for this purpose. The stimulus neeessaiy 
to bring about vascular continuity betAveen the cxtracardiac and cardiac 
beds Avas a reduced or subnormal pressure in the coronary bed.* The 
pressure Avas reduced by occluding tlic coronary arteries. The floAV 
through the coronary arteries can be reduced either sloAvly by successive 
operations or by complete ligation in one stage. Tlie obstruction can be 
applied to major coronaiy trunks or anyAvhere toAvard the peripheral 
branches. Obviously tlie most desirable form of coronary obstruction 
is a sloAvly progressive obstruction going on to complete obstruction. 
AVitli this purpose in mind, bands of periosteum Avere AVOund around the 
coronary arteries at their origins from the aorta. The most satisfactory 
metliod of producing gi’adual occlusion of a major coronary artery Avas 
that of repeated operation. We used clips that aa’C made from sheet 
silver. Tliese clips Avere shaped as illustrated (Fig. 3) and Avere pro- 
gressively clamped togctlic-r at succcsshm stages. In order to locate the 
clip at operation a piece of silk or Avire aatts looped around the artery 
close to the clip, and the ends AA'erc left long so that they eoAild be found 
later at operation. If at a subsequent operation the clip could not be 
dissected free of scar tissue, complete occlusion of the artery Avas ef- 
fected by means of the silk or Avirc loop. 


•Perliap-s the variation in mediastinal pressure.^ accoinpanvinfr re.spir.ation can 
ausmcnl tlic dovclopinent of collateral ve.ssels to tlie heart. The alternate application 
of positive and nofrative pressure to an extremity can augment the Wood .supply to 
thesro^pTriments.'' "" I’-^orci.sc of the animal ^voulcl have been valuable In 
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Fic. 2. — ^Tho available vascular bed in the dog^ as viewed from the left side of the chest. 
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The anastomoses betM^een the extracardiac vascular bed and the heart 
were determined by the injection of ferric ferrocyanide. The dye was 
injected into the collateral bed from the aorta, the ostia of the coronary 
arteries and the thebesian channels being excluded from the injection 
system (Fig. 4). The usual order of procedure was as follows: ’ 

The dog was anesthetized with ether through an intratracheal tube. 
Mechanical respiration was used. The right carotid artery was connected 
to a flask. The left carotid arteiy was connected to a mercury manom- 
eter, The inferior vena cava was isolated at its junction with the auricle. 
A T-tube was placed in this vessel; the long arm of the tube was clamped, 
and blood was allowed to run through the short arm into the auricle. 
The superior vena cava and the azygos vein were isolated (but not 
ligated) close to the auricle. The clamp was removed from the long 



Pig. 3. — The usual site of producing occlusion of tlie coronary arteries by bands 
or clips made from sheet silver. The clips are compressed in successive stages as 
indicated in a, b, and c of tlie inset. 

aim of the T-tube in the inferior vena cava, and the animal was bled. 
Two liters of normal saline at a temperature of 38° C. was washed 
through the circulation by way of the flask connected to the right carotid 
artery. The superior vena cava and the azygos vein were then ligated 
close to the auricle. The inferior vena cava was clamped between 
auricle and cannula. The right auricle was incised so that we were 
certain that fluid could not enter the heart. The aorta was securely 
clamped close to its origin, and the aorta was cut across between clamp 
and heart so that fluid could not enter the ostia of the eoronaiy arteries. 
Following this, 0.4 per cent of aqueous solution of ferric ferrocyanide at 
normal body temperature was injected under gravity pi’essure of about 
180 cm. The injection was continued for 30 minutes. The pressure 
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in the left carotid artery usually varied from 100 to 120 mm. Hg during 
the injection. The dye was allowed to escape from the inferior vena 
cava during the injection. Usualty about eight liters of the dye were 
used. Usually the heart continued to beat up to, and even for a few 
moments after, the injection of dye was started. ‘With the heart segre- 


Ti'om. con.fcain.er* 



Fie. 4. — Jlethotl of Injection of lieart tlirough extracardiac anastomoses. Tlie ostia 
of the coronar>' arteries' and of the thebesian channels are isolated from the injec- 
tion system. Dye can enter tliesc structures only tlirough anastomoses with tlie 
extracardinc vessels. 

gated from the circulation (except for the extracardiac collateral vas- 
cular bed) and with tlie right auricle and aorta opened, it was considered 
to be impossible for any of the dye to enter the myocardium through the 
ostia of the coronaiy arteries or through the thebesian vessels. The heart 
was not touched or massaged in any way while the injection was in 
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progress. Under these conditions the myocardium could be injected 
only through the extraeardiae anastomoses. An alternative method of 
injection, which we rarely used, consisted of cannulating the coronary 
arteries and injecting the coronary system and then determining the 
spread of the injection into the extraeardiae tissues. 

A number of attempts wore made to carry out the injection and at 
the same time have the heart receive and expel its usual quota of blood. 
These expeiiments were not successful and will not be recorded. 

EXPEBIHENTS 

This report is based upon the study of 103 dogs in which one or more 
operations were carried out to produce a collateral circulation to the 
heart, and upon sixteen dogs in which various metliods •were used for 
injection of the heart through the extraeardiae anastomoses. One hun- 
di’ed and sixty-five operations were performed on the 103 dogs. On 
some of the dogs as manj’- as four operations were performed, iilany of 
the operations consumed tlu'cc or four hours, and some of them were 
something of an achievement in technical surgery. 

The following protocols are given as il lust, rations of the various types 
of experiment that were done. 

Protocol 1 . — Dog No. 33-131. This was a normal clog. Injection of the extra- 
cardiac anastomoses was carried out. The mediastinal tissues, pericardial fat, and 
parietal pericardium were diffusely stained. The right and left coronary arteries 
were filled with dye. A trace of dye was seen in each auricle near the entrance of the 
great veins. On cross-section of the heart the only dye seen was in the main trunks 
of the coronary arteries (Fig. 5). There was no dye in tlie myocardium cither 
grossly or microscopically. 

Protocol 2 . — ^Dog No. 33-140. This was a normal dog. Injection of the extra- 
cardiac anastomoses was carried out. The mediastinal tissues, pericardial fat, and 
parietal pericardium were diffusely stained. The right and left coronary arteries 
together with their superficial branches contained dye. The fat at the base of the 
aorta rvas stained and the auricles were faintly blue; the left auricle was stained 
a little more than the right. Cross-section showed dye in the larger branches of 
the coronary arteries to a greater extent than in the jjicceding specimen (Pig. 6). 
Microscopically the left auricular appendage contained arteries filled with dye, but 
there was no capillary injection. Extensive but focal capillary injection was present 
in a section of the right ventricle limited to the narrow zone of myocardium that 
extends out for a short distance in the wall of the pulmonary vein. Several fairly 
large arteries (one measured 150 micra in outside diameter) extended between the 
heart and the extraeardiae. structures. 

Protocol S . — Dog No. 33-141. Tins was a normal dog. Injection of the extra- 
cardiac anastomoses was carried out. The pericardial fat and the parietal peri- 
cardium were well injected. Dye contained in vessels could be seen entering tlie 
auricles and the conus arteriosus with some extension into the ventricular myocardium 
at the base of the heart. The largest anastomotic vessels were the vasa vasorum 
of the pulmonary artery and of the aorta. The adventitial fat around the great 
vessels was well injected. The surface of the heart showed some diffuse injection 
which was most marked just below the atrioventricular sulcus. The superficial 
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branches of tlie coronary arteries were filled witli ciyj. On cross-section some dye 
was present in the superficial portion of tlie inyocardiuui, especially in the left 
ventricle. The walls of both auricles were fairly diffusely injected. There was 
no diffuse staining of the myocardium grossly (Fig. 7). Microscopically all the 
large and most of the small arteries in a section of the left auricular appendage 
contained dye. Tliis section also showed focal, scanty capillary injection. A section 
of the left ventricle snowed tliat all t)je large vessels and many of the small vessels 
contained dye. This section also showed some focal, scanty capillary injection. The 
section showed questionable fibrosis. There was no infarction. A section of the 
right ventricle showed that some of the large and very few of the small arteries 
contained dye. The epicardium and the subepicardial portion of the myocardium 
showed slight focal capillary injection. 

These specimens represent the .slightest and the greatest degree of in- 
jection tltrongh the extracardiac anastomoses that wc found in onr 
series of normal dogs. 

Protocol 4 . — Dog No. 34-18. Fob. 27, 1934; A loop of wire and a siNer clip 
were placed around the two major branches of the left coronary artery below 
its bifurcation. The circumflex branch urns constricted about four-tenths. Tlie right 
coronary artery was constricted about one-half of its normal cross-section. Through- 
out this operation great beads of clear fluid were observed to form on the surface 
of the heart.* Epicardiectomyf was done with our special burrs, and the endothelial 
lining of parietal porioardinm was roughened witli these burrs. Death occurred 
March 3, 1934, from cardiac failure. The degree of occlusion of the coronary 
arteries was too great. 

Protocol 5 . — Dog No. 33-30. April 18, 1933: A loop of silk and a loop of 
periosteum w’erc placed around each major branch of the left coronary artery just 
below its bifurcation and also around the right coronary artery close to its origin 
from the aorta. These vessels were not constricted by these loops of silk and 
periosteum. The strand of periosteum was taken from a rib and was about 3 mm. 
in diameter. The epicardium and the inner surface of the parietal pericardium were 
scraped with a scalpel. The pericardium was sutured to the heart. Dec. 10, 1934: 
The animal was killed, and the heart was injected. Generalized adliosions to the 
pericardium and pericardial fat were present. These tissues were deeply injected, 
When the myocardium ^Yas cut across, it was found that tlie dj'e had not penetrated 
the myocardium. The coronary arteries showed no constriction. Our interpretation 
of this experiment was that in the absence of partial occlusion of the coronary 
arteries vascularization of the myocardium from the adherent pericardium did not 
take place. In other words, tliere v/as no unusual need for additional blood during 
life, and no additional vascularization of the myocardium took place (see Proto- 
col 15). 

Protocol 6 . — Dog No. 33-62, weight 13.6 kg. June 14, 1933: Tlse left coronary 
artery was isolated at its bifurcation. A loop of silver wire was placed around the 
descending and the circumflex arteries. A silver clip was placed around the circum- 
flex branch occluding its lumen to a moderate degree. A silver clip wms placed on the 

♦This is the second obsei-vation of drops of fluid forming: from the heart in an 
experience of over a thousand experimental operations on the heart (C. S. B.). Fluid 
formed at one point like a bead of perspiration every few seconds. 

fin so far as we know this is the first time that the term epicardiectomy has been 
used and in so far as we know tliis is the first time this operation lias been done, 
in some animals the epicardium came away in large sheets ; In others it came away 
in shreds. The epicardium is quite tough and undoubtedly gives considerable support 
myocardium. It is of considerable importance as a surgical structure. It 
helps to prevent sutures from tearing out of the heart and in this i-espect is not unlike 
the submucosa of the small intestine. 
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descending branch occluding its lumen to a somewhat greater degree. A loop of 
wire and a silver clip were idaced around the right coronary artery wiicre the vessel 
lies beneath the right auricle. This vessel was occluded partially. The epicardiuin 
was roughened with a burr and in certain areas was entirely removed. The parietal 
pericardium was roughened and torn with the burr. The animal made an excellent 
recovery. Oct. 2, Reopera Lion — The silver wires were brittle and wore easily 

broken. The clip on the right coronary artery was located. It was crushed and the 
right coronary artery was completely occluded. The silver wires on the branches of 
the left coronary artery were isolated. The wire on the circumflex branch was 
tightened producing total occlusion. Since the heart could not stand total occlusion 
of the circumflex artery, the tension on the artery was released. Tension applied to 
the wire on the descending artery was tolerated, and the wire was twisted tightly to 
occlude this vessel completely. Oct. 6, 1933 ; The animal appeared to be in excellent 
condition. He was active and playful. The electrocardiogram showed high take- 
off of the T-wave in Leads I and 11. Sept. 28, 1934: CWcight 14.5 kg.) Tlie dog 
was killed for study of the specimen. The injection was carried out as already 
outlined. Grossly the adherent fat and pericardium, as well as the entire muscle, 
were diffusely injected (Fig. 8). There was a small cicatrix (about 12 mm. in 
diameter) in the lateral wall of the right ventricle which was judged to represent a 
healed infarct. Microsccpicallj'' there was extensive capillary injection in sections 
taken from six different portions of the heart. Exanunation of the left coronary 
artery showed the descending branch to be completely occluded, the circumflex branch 
to be patent only to a fine probe, measuring about 2 mm. in circumference, and the 
septal branch to be intact. The septal branch measured 3.5 mm, in circumference. 
The right coronary artery was completely occluded about 1 cm. from the aorta. 
There were six very fine twigs that could be identified coming off the right coronary 
artery between the clip and its ostium in the aorta. We estimated that the total 
cross-sectional area of the coronary arterial system was reduced about 85 per cent. 

Protocol 7. — Dog. No. 32-51, weight 18.5 kg. Mar. 23, 1932: The pericardium was 
sutured to the left side of the thoracic wall for a purpose other than for these ex- 
periments. Mar. 21, 1933: Tlie attachment to tlie thoracic wnll was incised, and 
the heart was exposed. Superficial incisions were made over the surface of the 
ventricles -with a scalpel. The pericardium was sutured to the heart and also to 
the thoracic wall. Sept. 1, 1933: A silver clip and a ware loop were placed around 
each major branch of the left coronary artery just below its bifurcation. The heart 
stopped. The wire was removed, but clips were left in place. Epinephrine and 

massage were used, and the lieart started to beat. Some obstruction was given to 

each major branch of the left coronary artery. The lieart action was irregular. The 
right coronary artery was not isolated. Feb. 17, 1934: An attempt was made to 
isolate the right coronary artery. Several mass ligatures were placed in w'hat was 
considered the anatomical location of the right coronary artery. Scar tissue obscured 
its location. Oct. 2, 1934: The animal was in good health. It was active and 
well nourished and weighed 17.0 kg. Two and one-half years had elapsed since the 
first operation. The animal was killed for study. The heart was injected, and the 
specimen was cut and examined by Dr. Moritz, Dr. "Wiggers, Dr. Lenhart, and 

Dr. Karsnor. The measurements as given by Dr. Moritz were as follows: The 

right coronary artery for a distance of 3 cm. from its ostium had a circumference 
of 4 mm. There was no obstruction to this vessel. The left coronary artery just be- 
low its ostium and above its bifurcation had a circumference of 9 mm. The ramus 
descendens had a circumference of 3 mm. at the site of obstruction and G mm. below 
the silver clip. The artery above the clip was narrowed. The septal branch came 
off above the obstruction. It was a very small vessel. The circumflex artery was 
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Pig'. 7. — Protocol 3 (Dog No. 33-141). Xormal heart after injection tvlth dye. 
Tliis specimen sliows tlio greate.st amount of injection tlirougli the extracardiac .anas- 
tomoses found iu our series of sixteen normal specimens. 
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reduced to a circumference of 3.5 mm. at the site of the obstruction. Below the 
clip it measured 6.5 mm. in circumference. According to these measurements tiie 
cross-section of the ramus descendens was reduced about 75 per cent and the cross- 
section of tlie ramus cireumfle.xus was reduced about 95 per cent. The right coronary 
artery was relatively a small artery, and it appeared that an cxtracoronary collateral 
circulation was established in preference to compensation by enlargement of the 
rigid coronary artery. There was complete fibrous obliteration of the pericardial 
cavity. There was diffuse injection of the myocardium although there was some vari- 
ation in intensity of the dye. The least injected portion was the anterior papillary 
muscle in the left ventricle. Although there was no infarction, there was considerable 
focal myocardial fibrosis. This scarring was most extensive in the posterior portion 
of the interventricular septum and left ventricle. Microscopically the capillary in- 
jection was* extensive (Big. 9), and sections taken from six different portions of 
both ventricles failed to disclose differences in distribution of dye described grossly. 
The amount of Prussian blue in skeletal muscle was 89 mg. per 100 gm. of muscle 
and the amount of dye in the cardiac muscle was S4.5 mg. per 100 gm. of heart. 

Protocol 8 . — Dog No, 33-139. Dec. 12, 1933: The left coronary artery was 
isolated at its bifurcation, and a loop of wire and a silver clip were placed around 
each major trunk. Some obstruction was given to each artery. The right coronary 
artery was isolated, .and its lumen reduced about one-half. The epicardium and 
parietal pericardium were l oughened with a burr, June 28, 1934: An attempt was 
made to reduce further the lumen of one branch of the loft coronary artery. The 
clips and wire loops were covered ivitli scar tissue, and accurate isolation was im- 
possible. Oct. 2, 1934: The animal was killed, and the specimen was injected 
(Big. 10). The cross-sectional area of the right coronary artery was reduced about 
25 per cent. The left coronary artery showed slight reduction in lumen by the 
clips. T.he cardiac muscle contained 22 mg. of Prussian blue per 100 gm. of muscle, 
and the skeletal muscle contained 107 mg. of dye per 100 gm. of muscle. The- 
pericardial camty was obliterated, but parietal pericardium could be stripped from 
the heart. The adhesions were not verj' dense. Tliere was some diffuse injection 
of both auricles. There was slight injection of the ventricles, more marked in the 
right than in the left. There was no sign of myocardial fibrosis or infarction. 
Microscopical sections showed some diffuse injection of large and small arteries 
of both ventricles, more marked in the right tlian in the left. There was very 
little capillary injection in the inner half of the left ventricle. The adhesions to 
the myocardium were richly vascularized by small vessels containing dye. There 
was no fibrosis or infarction in the sections. 

Protocol 9 . — Dog No. 34-4. Jan. 1.5, 1934: The left coronary artery was iso- 
lated and a wire loop and a silver clip were placed around each major branch. 
The reduction in lumen was estimated to be onc-half. Similarly the right coronary 
artery was constricted about one-lialf by a silver clip. July 11, 1934: The clip 
on the descending branch of the left coronary artery was isolated and the lumen 
was further reduced. Oct. 3, 1934; The animal -^vas killed, and the heart was in- 
jected. There was apparently complete injection of the parietal pericardium. The 
pericardial cavity was obliterated by fibrous adhesions. Both ventricles showed dif- 
fuse but incomplete injection with dye. The degree of injection was greater in 
the anterior portion of the left ventricle extending from base to apex. This area 
was supplied by the ramus descendens of the left coronar}’- artery. There was no 
gross or microscopical evidence of fibrosis or infarction. Microscopically many 
large dye-containing vessels were present in the myocardial adhesions. The sections 
of myocardium taken for examination showed diffuse capillary injection with dye. 
Tlie ramus descendens was obstructed more than the ramus circumflexus. The cir- 
cumference of the ramus descendens at the clip was 5 mm., below the clip 7 mm. The 
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FIs’. S. — Protocol C (Doff No. 33-62). Extensive Injection of the myocardium throuffh 
the vascular bed established by operation. New blood vessels can be seen. 
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Fig-. 10. — Protocol S (Dog Xo. 33-13S). A slight ilegroo of injection with dye in 
response to n. sliglit degree of coron.'irj- obstruction. 



866 


TIIK AMKIMCAX HEART .lOUHN'AE 


injection. The interventricular scjRnin .showed :i Pemity injection, and tlie wall of 
the left ventricle showed a superficial injection (.'i-5 jnm.). Tlierc was no apparent 
fibrosi.s or infarction. Capillary injection of the rifjht ventricle was pre.sent in 
the more superficial portion. Tlie Inrjje and small arteries of the right ventricle 
were everywhere injected. The left ventricle showed less injection than tlie right. 
One sm.all inf.arct was found. The rainna de.scendens was coinjiletely occluded just 
below the bifurcation of the left coronary artery. The ramus circumficxu.s .showed 
no occlusion. 

Protocol 11 . — Dog No. Mar. .'*.0, ItE’.S; The left coronary artery was 

isolated ;it its bifurcation and a loop of periosteum was placed around each of the 
two major branche.s. The degree of constriction on the ramus descendens had to 
be reduced because the heart stopped. It was revived, and the loop of periosteum 
was again applied. TIic epicardium and parietal pericardium were scraxied with 
a scalpel. Sutures were placed between pericardium and myocardium, .lune 1, 
19.13: The ramus circumflexus cotdd not be isolated. Tlte ramus descendens was 
ligated completely at its origin. An attempt to isolate the right coronary artery 
was not successful. ^lass sutures were placed in an attempt to ligate this artery. 
The animal had sharp pain after ojicration, most probably eoronary pain. Morphine 
was given, Slur. 1.3, 193-} ; Tiio aniin:d was hilled :ind the heart w.as injected. 
The pericardium was adherent to the auriclc.s, to the base, anterior and lateral aspects 
of the heart. An extensive injection of the left ventricular wall was present 
(Fig. 11). Slight injection of the right ventrioular wall was found. The auricular 
walls showed slight injection. There was no gro.ss or microscopical evidence of 
fibrosis or infarction. Sections including the fused pericardial surfaces showed rich 
vascularization of the intervening connective li.-'suo. These vessels were uni- 
formly filled witli dye. The arteries and capillaries of the right and loft ventriclc.s 
and interventricular septum contained dye. The capillary injection varied in extent 
and was most pronounced in the superficial jmrfion. Nowhere was complete capillary 
injection found. Focal fibrosis, but no inf.arction, was found in each ventricle. 
These areas of fibrosis were probably due to the sutures that were idaced in the 
myocardium. The ramus descendens was comjdetely obstructed. The ramus circum- 
lle.xus was slightly constricted but was easily patent to a probe. The rigid coronary 
artery was slightly constricted hut also -.’dmitted u probe readily. 

Protocol 12 . — Dog No. 33“12. M:iy 17, 1933: The left coronary artery was 
isolated, A loop of silk and a silver clip were jdaced around the circumflex branch. 
The ramus descendens was umicuiil in tlmt there were three sej'artde descending 
arteries instead of one. A large vein cros.sed the.se arteries. The clip on the cir- 
cumflex artery reduced the lumen about one-half. The exiicurdium and the inner 
surface of the jiericardium were roughened with cnier.- paper. Aug. 7, 1933: Two 
relatively large vessels were seen extending from the pericardial fat to the region 
of the internal mammary vessels. The pcricanlial tissues were more vascular than 
normal. The braided silk loop :iroimd the circumflex artery was isolated, and this 
artery was ligated. A silver clip and a loop of silk were jdaced on the right 
coronary artery. This artery was partially occluded. Oct. 10, 1933: The braided 
silk around the right coronary artery was isolated, and a knot was lied in the silk. 
The clip could not be found. There was good recovery. Feb. 22, 1934: The animal 
was killed for study; the specimen was injected. The parietal pericardium was dif- 
fusely injected. Tiic pericardial cavity was completely obliterated. A multilocular 
organized abscess was found at the base of the heart to tlie left of the pulmonary 
conus. The adhesions showed a diffuse injection witli dye. Tlie superficial branches 
of the coronary arteries were completelj- filled with dye. The myocardium was dif- 
fusel}’ injected. The right ventricle showed a deeper injection than the left ventricle. 
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Fig. 11. — Frotocol 11 (Dog No. 33-lG). Tlic coRateral vascular bed was well injected, 
There is some injection of the myocardium, particularly the left ventricle. 
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The least Injected portion of the heart was a '/.one adjacent to the endocardium of 
the left ventricle. Microscopical scctiojis showed extensive injection of arteries and 
capillaries in the pericardial adhesions, in the entire thichneas of the right ventricle 
and in the external two-thirds of the left ventricle. There was no fibrosis or in- 
farction. The circumflex branch of the left coronary artery was completely oc- 
cluded and the right coronary artery sliowed almost complete occlusion admitting 
only a very fine probe. The descending branches of the left coronary artery were 
intact. 

Protocol IS . — ^Dog No. 33-141. Dec. 12, 1933; A wire loop and a silver clip 
were placed around the right coronary artery iind tlie two major branches of the 
left coronary artery. A silver clip was placed around the septal branch, which in 
this dog was larger than usual, Tlic lumen of each of these vessels was reduced 
about one-half. The burr was used on the epicardiuin and pericardium. The animal 
developed a pulmonary infection and died Jan. 11, 1934. Patchy areas of con- 
solidation wore incscnt in the lung. Tlie animal was injected. The pericardial 
cavity was obliterated. This obliteration was fibrous over the apex of the heart 
and tlie lateral surface of the left ventricle; elsewhere it was fibrinous. There 
seemed to be complete injection of the parietal pericardium and filling of the 
superficial branches of the coronary arteries, with extensive focal myocardial in- 
jection of both ventricles. The injection of the myocardium exceeded that seen in 
any of the normal hearts. Each of the major coronary arteries was partially con- 
stricted. The clip on the circumflex branch at its origin reduced the lumen at 
least one-half. The ramus dcsccndens was markedly occluded, and it is questionable 
whether the obstruction had not been complete. The right coronary artery was 
markedly constricted. It was not patent to the smallest probe although the lumen 
contained dye. Microscopically the large and small superficial arteries contained 
dye. The capillary injection of both ventricles was focal, but in some sites it was 
extensive. It was significant that evidence of a collateral circulation appeared in 
three weeks from the original opcriition. 

Protocol 14 . — Dog No. 34-0. J.an. 2i), 3934: Eacli branch of the left coronary 
artery was surrounded by a silver clip and a loop of wire. Tlie lumen of each artery 
was reduced approximately one-half. The right coronary artery was partially oc- 
cluded. July 11, 1934; The ramus descendens was completely occluded. Ventricular 
fibrillation occurred, and the heart stopped. Study of tlie specimen showed fibrous 
obliteration of the pericardial cavity except over the anterolateral upper portion of 
the left ventricle. A good injection of the parietal pericardium was obtained. In- 
complete filling of even the superficial branches of the coronai^- arteries was found, 
and there was very little myocardial injection. The myocardial injection was no 
more than one finds in normal hearts. The right coronary artery was markedly re- 
duced; the lumen was about 1 mm. in diameter. The ramus descendens of the left 
coronary artery was similarly reduced. Despite what was considered significant 
reduction in the lumina of the right coronarj* artery and the ramus descendens of 
the left, together with extensive pericardial adhesions, no significant anastomosis 
could be demonstrated through the adhesions. This failure in the development of 
collateral anastomosis was the only one obtained in these experiments. Microscopi- 
cally the larger arteries contained dye. In superficial focal areas some capillary in- 
jection was found. The deeper portion of the myocardium was not injected. Tliere 
was no evidence of fibrosis or infaiction. 

Protocol IS . — Dog No. 33-28. Apr. 15, 1933; A loop of periosteum was placed 
around the left coronary artery above its bifurcation. Hemorrhage from the aorta 
was encountered but was controlled. The endothelial surface of the parietal peri- 
cardium was scraped with a scalpel. The pericardium was sutured to the myo- 
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cardium. June 8, 1933; A mass suture was placed for the purpose of occluding 
the ramus circumflexus. Dec. 19, 1933: The right coronary artery could not he 
isolated. A mass suture was taken for the purpose of occluding it. Likewise a 
mass suture was placed for the purpose of occluding the ramus descendens of the 
left coronary artery. Feb. 6, 1934: Another attempt was made to occlude the 
ramus descendens of the left coronary artery by placing a mass suture. Oct. 1, 
1934: The dog had been active but had lost weight. It was killed for study. The 
right coronary artery was normally patent. The ramus circumflexus of the left cor- 
onary artery was normally patent throughout its course. The ramus descendens was 
occluded by not more than one-third its cross-section. There was complete injection of 
the parietal pericardium and complete obliteration of the pericardial sac by dense 
fibrous adhesions. The superfleial branches of the coronary arteries were filled 
uith dye. There was very scanty incomplete injection of the myocardium, more 
marked in the right ventricle than elsewhere. Microscopically all arteries contained 
dye as did also many arterioles. Capillary injection of the epicardium was present. 
The capillar}'- injection of the myocardium was scanty. The epicardium was greatly 
thickened and fused ivith parietal pericardium. The adhesions were richly vascular- 
ized. No myocardial fibrosis or infarction was found. This experiment -would indi- 
cate that there was little or no need for the production of a collateral circulation. 

DISCUSSION OF EXPERIMENTS 

These protocols, recorded briefly as they are, indicate in a general M’ay 
the results that -were obtained in a considerably larger series of experi- 
ments and operations. The fatal nature of many of the experiments, the 
difficulty in the technical xierformance of the operations, the variety of 
the operative procedures that v/ere evolved as the -work progressed made 
it necessaiy to carry out a larger number of experiments than otherv;iso 
would have been necessaiy. 

When we began these experiments, we desired to destroy or to ob- 
struct the entire arterial coronary circulation and have a new collateral 
circulation develop to take its place. We did not succeed in doing this, 
but we almost succeeded. In one of the experiments about 85 per cent 
of the total cross-sectional area of both coronary arteries was occluded 
(right coi'onary artery completely occluded, ramus descendens com- 
pletely occluded, ramus circumflexus markedly constricted), and this 
animal sundved and ivas normally active. In several experiments com- 
plete occlusion of the ramus descendens was effected with recovery of 
the animal. Complete occlusion of the ramus circumflexus was effected 
with recovery of the animal. Complete occlusion of the right coronary 
arteiy was effected with recovery of the animal. In other experiments 
partial occlusion of both right and left coronary arteries was effected 
witli recovery of the animal. This is the first time such extensive oc- 
clusions of the major coronaiy arteries have been effected experimentally. 
Disease can accomplish this in man provided the occlusions are gradual 
so that a compensatory circulation can develop. 

In a series of C‘X])eriments which is now in progress, total occlusion 
of tlie right coronary artery in one stage was tolerated, but in these 
experiments a collateral vascular bed had been prepared for the heart 
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at a previous operation. We believe tliis observation is of considerable 
significance because in our exjierienee total occlusion of the right coro- 
naiy artery in one stage has carried a high mortality in the dog. To this 
observation we should like to add another. TVe observed repeatedly 
that partial occlusion of the coronary arteries was better tolerated if 
the heart had been given a collateral bed at a previous operation. TJiis 
statement was based on opinion obtained at the operating table, Imt it has 
been repeated so frequently that we arc nailing to present it as fact. 
On the basis of this evidence the presence of a collateral circulatory bed 
can be considered as a propliylaxis against the ravages of sudden oc- 
clusion of the major coronary arteries. 

The experiments showed that vasculai'ization of the myocardium from 
a collateral bed was slight and irr some experiments almost completely 
absent if the coronary circulation was normal. In other words, the blood 
vessels grow into the myocardium when the latter has need for more 
blood. Orr the basis of one observation it would seem that such collaterals 
can be demonstrated by injcctiorr as early as three weeks after the col- 
lateral bed has been established. 

Total oeclusioir of a coronary artery can be produced without fibrosis 
or infarction of the myocardium. In only a few experiments did an 
infarct supervene, and it may be assumed that the occlusion in these 
experiments was produced so abruptly that the collateral circulation 
was inadequate to keep the myocardiiun viable. 

The anastomoses between the cardiac and extracardiac vascular beds 
were functional. If these vessels had not transmitted blood, infarcts 
would have been more common than tliey were. The heart must get a 
supply of blood from some source to preserve its contractility. For this 
reason also we believe the direction of flow in the collateral bed is to- 
ward the heart rather than away from it. However, it has been ob- 
served that under certain circumstances the direction of flow in the 
anastomosis can be away from the myocai’dium. Eefex'enee to this ob- 
servation has been given in this paper. Additional evidence in reference 
to the direction of arterial blood flow in the collateral bed was supplied 
by the observation that a greater degree of injection in the myocardium 
was obtained in those regions of the heart from which the coronary 
arteiy supply was occluded. It is scarcely conceivable that the direc- 
tion of the arterial current should be away from such areas of the 
myocardium poorly supplied Avith blood. 

We found that the normal dog could sometimes, but not alwaj-s, tol- 
erate a reduction in size of about one-third of both coronaiy arteries 
carried out in one stage. With this reduction of the coroixary circula- 
tion the myocardium remained viable and maintained its power of con- 
tractility. The high mortality in our experiments was obtained when a 
greater degree of constriction than this was used. 
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I\Iultiple ligation of secondary branches of the right coronary artery, 
of the ramus descendens, or of the ramus cireumflexus was not well 
tolerated. Peripheral ligations of the arteries was followed by the pro- 
duction of foci in the myocardium that became discolored. These areas 
undoubtedly lost their property of eontractilitj’-, and fibrillation fre- 
quently followed. It should be pointed out that in the two groups of 
experiments in which the coronary blood flow was reduced, orre by partial 
central occlusiorr arrd the other by peripheral ligation, a greater degree 
of reductiorr irr the total eororrary blood flow seemed to be possible if the 
occlusion was cerrtral tharr if it was peripheral. Irr other words, total 
coronary blood flow is one important factor, but distrilrution of eororrary 
blood flow is arrothcr importarrt factor irr reference to sundval. There 
must be arr equal distribution of blood to different parts of the myo- 
cardium. In this respect peripheral occlusiorr of eororrary arteries may 
act like a weak liirk in a chain. We were slow irr appreciating this very 
important fact, and it required a high mortality to demorrstrate it to us. 
We believe the collateral bed was effective in bringing about an even 
or balanced distribution of blood to various parts of the myocardium. 
This was accomplished irr two ways: (1) by supplying the myocardium 
with blood from extracardiac sources arrd (2) by transporting blood 
from orre region of the myocardium that had an adequate blood supply 
to arrother regioir that had a deficierrt blood supply. The tissues adherent 
to the heart carr act like arrastomotic bridges that connect orre coronary 
artery with the other. 

We made the observation also that the degr’pe of constriction pro- 
duced by a silver barrd arourrd a coronary artery was to a certairr extent 
progressive irr degr’ee. Edema and fibrosis at the site of the clip not irr- 
freqrrerrlly led to complete or almost complete occlusion of a vessel within 
a few days or weelcs. This urrdoubtedly accounted for some of the mor- 
tality in the experiments. We confirm the observation of Halsted® that 
the obstnietiorr of a vessel surrounded by a metal band may become pro- 
gressive and complete. Barrds of periosteum placed around the coronary 
arteries produced scar tissue which did not seem to produce constriction 
of a progressive nature. Nor did the trarrsplanted periosteum form any 
bone. The use of a specially molded clip made from sheet silver was 
found to be more satisfactory for orrr prrrpose than any other method. 
This clip rrsually could be found at rcoperation, and the lumen of the clip 
could be reduced in successive stages. To help locate the clip at re- 
operation, a loop of silver wire was placed arorrnd the artery ad.iaceirt 
to the clip. Also, the wire could be pulled taut and twisted, and com- 
plete closirre of arr artery corrld be produced if the clip could not be 
isolated from the scar. The loop of rvire sometimes changed its posiliorr 
so that total occlusion of the artery occurred. Several animals were 
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lost because of tliis. However, Avirc Avas jirefcrable to silk because the 
latter lost its tensile strength Avhen buried in the body for several months. 

We believe that the epicardium and the cndotlielial lining of the 
parietal pericardium may act somcAvhat as a barrier to the groAvth of 
blood Amssels into the myocardium. Blood a'cssoIs can penetrate the 
epicardium, but Ave believe, perhaps Avithout adcipiate e.xpcrimeutal 
proof, that a richer A’aseularization is found aaOiou pei’icardial fat is in 
intimate continuity Avith muscle fibers. Therefore, Ave remoA'cd the 
epicai’dium Avith special buri’s. In some instances the eiiicardium Avas 
stripped from the myocardium in sheets. Extcnsi\'e removal of the 
epicardium can produce ext rasy stoles, tachycardia, dilatation of the 
heart, and ventricular fibrillation. The heart should be given periods of 
rest to prevent the summation of the.se responses. Studies are uoav be- 
ing carried out to determine AA'hcther or not cocaine or novoeainc Avill 
block the impulses going into the heart AA’hen the epicardium is removed. 
For the remoA'al of epicardium and endothelial lining of pericardium Ave 
found that special buri's Averc more satisfactory than other methods. It 
AA'as not necessary to incise the myocardium, nor Avas it nece.ssaiy to 
suture structures to the heart. The A-ascular bed that developed after 
remoAml of epicardium and lining of parietal pericardium did not 
constrict the heart if the remoA’al of epicardium and endothelial lining 
of pericardium Avas done by mechanical methods. Dakin’s solution® and 
other chemicals Avhen introduced into the pericardial cavity produced a 
thick layer of scar tissue AAiiich interfered Avith the heart action. Such 
solutions should not be used. The question naturally arises as to hoAV 
much this Amseular bed adherent to the myocardium interfered AAUth the 
motion of the heart. It might be staled that cardiac adhesions per se 
are usually of little or no significance .so far as any demonstrable di.s- 
turbance to the heart is concerned.'^ In these experiments the A'ascular 
bed could stretch sufficiently to aA'oid cardiac comiircssion. Adhesions 
betAveen the vascular bed and the chest Avail AA’hen present in these ex- 
periments did not seem to be of significance, although the heart AA'as not 
extensively bound to the thoracic Avail. 

We belicAm that we haAm sufficient experimental data to justify their 
application to human patients. These experiments open an entirely 
ncAv field and a great many problems present themselves in a most 
urgent way for studj''. It Avould be hazardous perhaps to i^rediet the 
significance of these experiments at the present stage of development, 
but Ave belicAm that they hold promise of OAmreoming in an eft’ectiAm AA^ay 
the dreadful mortality from disease of the coi-onaiy arteries. In general 
terms, Avhat Ave are trying to do is to destroy the “Gleitorgan” eifect of 


•Cardiac adhesions are usuallj- silent lesions and their importance has been over- 
emptosized. Scar tissue adlierent to the lieart can disturb the heart in two ways : 
(1) isy Its constricting: effect proclucmgr either acute or chronic cardiac compression. 

brought about without any adhesions. Adhesions when present in this 
1?"'^ incKlental. (2) By producing- a harness .of adhesions througli 
ovnich the heart pulls upon tlie thoracic wall. 
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the peiTcardiiim in order to give the heart additional power to build a 
collateral blood supply. We believe that majiy catastrophes inflicted by 
reduction of a coronary artery could be avoided if the myocardium 
had direct continuity with another vascular bed. A little blood properly 
distributed to the area where most needed might preserve the heart- 
beat, and then as time elapsed the blood supply would be augmented, 
and vigorous function might again be resumed. We believe our experi- 
ments have demonstrated that the collateral bed can become the major 
source of blood suppb" to the hcart.^' 

SUHJMxVRY 

The heart was given a collateral vascular bed by operation. Almost 
total occlusion of both coronaiy arteries was effected with recovery when 
a collateral vascular bed was present. The significance of these experi- 
ments in the treatment of coronary occlusion is discussed. 

Tlie illustr.itions were made by Theodora Bergsland. 
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T operation of this kind on a human boinp was performed bv us at tlie 

Hospital Fob. 13, 1S3.5. Thus patient had coronary occlusion and anirina 
pectoris. An attempt was made to give the heart .a new source of blood supply. 



THE PRODUCTION OP A COLLATERAL CIRCULATION TO THE 

HEART 

II. Pathological Anatomical Study* 

Alan R. Moritz, M.D., and Claude S. Beck, M.D. 
Cleyeland, Ohio 

I N THE preceding paper, it has been shown that extensive anastomoses 
between the coronary arteries and those of the parietal pericardium 
and mediastinum develop in sui'gieally produced pericardial adliesions 
in dogs. It has also been shomi that the patency of these anastomoses 
increases as the normal flow of blood directly from the aorta to the 
coronary arteries is reduced. These observations make it seem likely 
that the production of pericardial adliesions offers a means of providing 
the heart with an effective collateral circulation. If this be true, it would 
be well to examine the pathological anatomy of coronary disease in man 
to determine the practicability of the application of this procedure. 

Ninety-four human hearts in which a major coronary artery liad been 
occluded were studied. Early in the investigation it was discovered that 
neither the absence of infarction nor the patency of vessels excluded 
the possibility of remote major trunk occlusion. Hearts were examined 
in wliieh old complete occlusion of the major coronary artery was not 
associated with corresponding infarction. In other hearts, large cica- 
trized infarcts indicated remote major trunk occlusion, but canalization 
of the thrombus and enlargement of collateral channels obscured the 
original site of obstruction. These ninety-four hearts were judged to 
have sustained major trunk occlusion either because the site of occlusion 
was identified, as was usually the case, or because the infarct was so 
large, so uniform in character, and so situated anatomically that despite 
our inability to detemine the exact site of remote occlusion it could be 
regarded with certainty to have occurred. 

The average age of the individuals upon Avhom this repoid is based is 
fifty-four years, and the range was from thirty-five to seventy-nine years. 
The age distribution does not differ significantly from that reported by 
other observers (Pig. 1). Men outnumbered women in the ratio of 
about 3 to 1, and whites outnumbered blacks slightly more tlian 4 to 1. 

Not all of the ninety-four died primarily or solely of coronary oc- 
clusion. As shoim in Table I, there were seven persons who died of 
diseases in no way related to coronary disease but who had nevertheless 
sustained major coronary occlusion. It is obviously not possible to say 

Pathology and the Department of Surgery, "Western Reserve 
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Table I 


NO- OF CASES RELATION OF CORONARY OCCI-L'SION TO DEATH 

64 Coronary thrombosis ivas judged to be principal or sole cause 

of death. 

18 Death from progressive heart failure contributed to coronary 

occlusion. 

5 Death due principally to hypertensive heart disease. 

7 Death from miscellaneous causes, not related to primary heart 

failure. 


■whether they would have died ultimately of progressive coronaiy dis- 
ease or not. Five died of complications due to hypertension, and al- 
though post-mortem examination disclosed coronary occlusion, the eoro- 
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Fiff. 1. — Percentile distribution of cases by decades. 

nary disease was not judged to have been significant as a cause of death. 
In eighteen in whom death was due to gradualh’- progressive heart fail- 
ure associated with severe hypertension, coronary occlusion could not be 
regarded as the sole or principal cause of death. In sixty -four (68 per 
cent) of the entire group, coronaiy occlusion was judged to be the prin- 
cipal or sole cause of death. 

Concomitant essential hypertension occurred with greater frequency 
than is indicated in Table I. There was clinical, pathological, or clin- 
ical and pathological evidence of hypertensive heart disease in 52 per 
cent of the entire group. This figure represents all of the indmduals in 
whom there was anatomical evidence of essential hj^pertension, but, since 
detailed clinical records were not available in main- instances, the actual 
incidence of hypertension may have been higher. An individual was 
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classified as belonging to the lij'pertensive group if there were repeated 
blood pressure observations witli a systolic over 150 and a diastolic over 
100 mm. of mercury, or if the heart weighed in excess of 500 gm. and 
arteriolar disease was present. Five hundred grams was arbitrarily 
selected as the maximum heart weight in the nonhypertensive gi’oup be- 
cause it was found that in a number of instances in which hypertension 
was not observed on repeated clinical examination, during periods of 



Fiff. 2. — Percentile frequency of various sites of coronary arterial occlusion. 

cardiac competence, and in which there was no disease of the smaller 
artei'ios, heart weights up to 500 grams occurred. It seemed likely there- 
fore that the dilatation incident to myocardial ischemia predisposed in 
some instances to cardiac hypertrophy. It is of interest that the con- 
comitant occurrence of essential hypertension and eoronaiy oeelusion 
was especially high in women (86 per cent) and in negroes (88 per cent). 

The left coronary arter}^ only was occluded in 54 per cent, the right 
only in 13 per cent, and both left and right in 33 per cent. Fig. 2 
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shows the sites of coronary occlusion. The divisions of the arteries most 
commonly occluded were the descending ramus of the left (72 per cent), 
the circumflex portion of the right (42 per cent), and the eircumflex 
portion of the left (12 per cent). 

It may be seen in Fig. 3 that the percentile incidence of left coronaiy 
occlusion decreased with age, with a corresponding increase in the rela- 
tive percentages of right and of bilateral coronary occlusion. In those 
pei-sons who lived beyond the age of sixty years there was less disparity 
between the numbers of right and left coronary occlusions and a 
relatively greater number of bilateral occlusions than present in the 
younger age periods. There was no signifleant difference bet-ween right 
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Fig. 3. — Percentilo incidence of arteries occluded in each age group. (L, left cor- 
onarj-; R, right coronary; B, both.) 

Fig. 4 . — Percentile incidence of sudden death in cases of coronarj- thronibosi.s, in 
relation to artery occluded. (L, left coronaiT ; R, right coronarj’ ; B, both.) 


and left coronary arterial occlusion in relation to the occurrence of 
sudden death, and bilateral coronary occlusion was not associated with 
an increase in the occurrence of sudden death (Fig. 4). 

The explanation of the increasing incidence of right coronary oc- 
clusion with age was not apparent. No figures were available for us 
to determine whether or not this is in accord with the findings of other 
observers. A study of the cases of bilateral coronary occlusion revealed 
that in all but five of the thirty-one cases the occlusions had not occun-ed 
simultaneously. The first occlusion, which liad occurred with about 
equal frequency in the right and left coronary arteries, had developed 
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SO slo-wly that the corresponding infarcts were not as extensive as 
would be expected considering the normal distribution of the vessel be- 
low the point of occlusion. 

Despite the fact that the incidence of bilateral coronary occlusion in- 
ci’eased with age, the incidence of sudden unexpected death from coro- 
nary occlusion decreased with age. Death was regarded as sudden 
when the period of cardiac hivalidism. was less than one week in dura- 
tion. Fig. 5 reveals a sharp decline in the incidence of sudden death 
with increasing age. This is in accord witlr-the observations of Conner 
and Holt.^ 

A plausible explanation of this appareiit contradiction betweeir the 
increased incidence of severe and extensive coronary sclerosis and the 
corresponding decreased incidence of sudden death from coronaiy oc- 
clusion is that the severity of the chronic myocardial ischemia probably 
determines cardiac incompetence before the terminal thrombosis occurs. 

Of the ninety-four individuals in whom one or more coronary 
ax’teries were obstructed, only fourteen died following the first oc- 
clusion, and only eight of the fourteen died of uncomplicated 
coronary thrombosis. If these ninety-four individuals can be con- 
sidered representative, it would appear that the majority (86 per 
cent) survive the first coronary occlusion. Moreover, in most of 
these (70 per cent of the entire group) there had been a period of cardiac 
competence varying greatly in duration after the primary occlusion. 
The significance of these observations in relatioxx to the practicability 
of artificially inducing a collateral coronaiy circulation is obvious. The 
fact that 70 per cent of aU persons having a major coronary occlusion 
not only survived the occlusion but had a subsequent period of myo- 
cardial competence would imply that most cases of occlusive coronaiy 
disease can be recognized as such. This is in accord with the studies of 
'\Yearn,® Levine and Bromi,-* and Conner and Holt. Furthermore, the 
disease is commonly recognizable before sucli extensive myocardial dam- 
age has been sustained as to determine chronic cardiac invalidism. In 
117 eases Conner and Holt report a survival of only 21 per cent in a 
state of good health for more than five years after the first attack. 

There is reason tben to believe that relatively few (21 per cent) of the 
large number of individuals with occlusive coronary disease which can 
be recognized as such during good health escape cardiac invalidism 
longer than five years after their first attack. It cannot be said that 
all of those who die do so because of myocardial ischemia alone. In 
onr series of eases 68 per cent of the entire group died of this cause. 

Death in these individuals was commonly the result of additional 
coronaiy thrombosis with presumably such a concomitant increase in 
severity of coronaiy sclerosis that collateral circulation was no longer 
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adequate or because there was already such extensive myocardial ob- 
stmction that more was incompatible with circulatory competence. 

There is abundant evidence that the coronaries are not end arteries 
but anastomose freely with one another (Gross- and Spalteholz®). In 
the event of the occlusion of a vessel which supplies so much of the 
heart, or such portions of the heart that complete ischemia would be in- 
compatible with life, the physiological effects are determined by a com- 
bination of circumstances. The extent of the myocardial damage and, 
pari passu, the seriousness of the functional disturbance depend upon 
the suddenness of the occlusion, the patency of the collateral channels, 
and upon the blood pressure. 
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Fip. 5. — Percentile incidence of sudden death due to coronary occlusion. In relation 

to aee. 

Anatomically, two types of collateral channels develop in the dog as 
a result of surgically induced pericai'dial adhesions, and the same type 
of anastomoses might reasonably be expected to develop in man. The 
superficial anastomoses between the coronary arteries in the epicardium 
are inci'eascd, and the epicaidial barrier between the coronary arteries 
and the arteries of the parietal pericardium and mediastinum is de- 
stroyed so that anastomoses between them occur. On anatomical grounds 
it would appear likely tliat such anastomoses would serve to protect 
the heart against the failure of collateral coronary circulation that usu- 
ally determines death. Obviously such a collateral circulation could 
not be effective if there were significant coronary disease in the arteries 


880 


THE AMEIUCAN IIEAKT .70UHNAE 


within the substance of the myocardium, ^licroseopical examination of 
many blocks from the myocardium in this group of cases indicated tliat 
significant sclerosis of the penetrating myocardial vessels was the excep- 
tion rather than the rule. This is in accord with the opinion expressed 
by Karsner:^ “The lesion appears to progress %vith diminishing severity 
from larger to smaller branches.” The significant sclerosis and throm- 
bosis were commonly confined to the superficial vessels, and the super- 
ficial vessels arc the ones to which a collateral circulation by means of 
pericardial adhesions would be made available. 

SUMMARY 

On the assumption that thrombotic occlusion of a ma.ior coronary 
artery can be recognized clinically, it is probable that the diagnosis 
could have been made in life in eighty of these ninety-four patients. 
Only foui’teen patients died as the direct result of the fir.st major 
coi'onaiy ocehision. Of the eighty patients who survived the first 
occlusion, the question is whether or not. they could have been pro- 
tected against disastrous I’csults from subsequent occlusions by the 
production of extracardiac coronary collateral circulation, 

111 thirty-seven of these eighty eases, concomitant disease or con- 
tinued cardiac incompetence rendered the operative risk un,iu.stifiable. 
The remaining forty-three patients might have been benefited by the 
pi’oduction of the additional collateral circulation. With the excep- 
tion of seven patients, who died of other causes, all died of subsequent 
attacks of coronary thrombosis. 

This data, chiefly pathological, derived from this study of ninety- 
four eases of ma.ior coronary arterial occlusion would indicate that 
thei’e was a period after the fir.st coronary occlusion in the lives of 
forty-three individuals ivhen the production of extracardiac coronary 
collateral circulation might have been feasible and beneficial. 
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TIIE PRECORDIAL LEAD OP THE ELECTROCARDIOGRAI\I 
(LEAD IV) AS AN AID IN THE RECOGNITION OP 
ACTIVE CARDITIS IN RHEUMATIC PEVER^' 

Robert L. Len^', M.D., and Howard G. Bruenn, M.D. 

New York, N. Y. 

I N THE management of the patient with rheumatic fever, the most im- 
portant clinical problem which presents itself is the recognition of 
active cardiac involvement. Bedside observation is sometimes adequate 
for decisive diagnosis. A count of the leucocytes and determination of 
the sedimentation rate of the red blood cells often furnish heli)ful in- 
formation. Serial electrocardiography, with employment of the three 
standard leads, has proved to be a valuable method for following the 
effect of the rheumatic process on the heart.^ We have found that the 
additional use of Lead IV has, in certain instances, revealed evidence 
of active carditis when, in the usual three derivations, either no clianges 
in’ form were apparent in successive records or the alterations noted 
were regarded as equivoeal.- 

The use of chest leads in the study of the physiology of the heart is 
not a novel procedure. In his original work with the capillary electrom- 
eter, Waller^ in 1887 placed the electrodes directly on the chest wall. 
The studies of Lewis, Drury, and Ilieseu'* on auricular fibrillation and 
flutter in man were materially furthered by the ai)plication of this 
method. It was Wolferth and Wood,® however, in 1932, who awakened 
interest in the use of chest leads for clinical purposes by demonstrating 
their value in the diagnosis of coronary occlusion. With the exception 
of our own preliminary note,- we have not seen any previous report on 
the use of Lead IV as an aid in the recognition of active myocai’dial in- 
volvement in rheumatic fever and in following its course. 

In recording Lead IV, a stiff, ruljber-covered spring was employed to 
retain in position two flat German silver discs, each 3 inches in diameter 
and fitted to receive the terminals of the lead wires. The .skin at the 
sites of application was I’ubbed vigorously, first with alcohol, then with 
salt solution. The discs were covered with heavy flannel jackets satu- 
rated with warm saline. The resistance of the skin was usually under 
2,000 ohms. Curves showing overshooting were discarded. The patient 
reclined on his back, either in the recumbent or semireenmbent ])osition. 
The same posture was always assumed by any given patient when suc- 
cessive records were being made. The anterior (right arm) electrode 
B'as placed just to the Icrt of the sternum, with its center a])proximately 
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in the fourth interspace. The posterior (left arm) electrode was placed 
at a corresponding level in the hack, to the left of the spine. Care was 
taken to place the anterior electrode always in the same position since 
a shift may vary the contonr of the record obtained.® Slight shifts in 
the position of the posterior electrode are of little importance.* 

Changes in the form of Lead IV which were considered to be abnormal 
were : an upright T-wave,t a negative T-wave deeper than 9 mm., a 
monophasic or notched QRS group, an R.-T or S-T segment above the 
isoelectric line or one that was more than 2 mm. below this Icveh^’ ® Any 
changes in form occurring in records taken on the same patient at differ- 
ent times Avcrc regarded as indicating alterations in the stale of the 
myocardium. Such successive changes, however, while they show that 
the heart is affected and that the lesions are not in a quiescent state, are 
not specific for rheumatic fever. 

Bed, Patients . — Observations were made on thirty-dight patients Avith 
rheumatic fever in tlie Avards of the hospital. None Avas taking digitalis 
or qninidine although a majority Avas receiving salicylate or pjn.*araidon. 
Two hundred and ten electrocardiograms Avere made. By far the most 
frequently observed changes in Lead IV AA’cro alterations in the direc- 
tion or voltage of the T-Avave. In this series no example of elevation of 
the R-T or S-T segment occurred. The alterations in T., frequently ap- 
peared to indicate not only that changes Avere taking place in the heart 
muscle, but also the direction of the change as avcII. When the clinical 
condition of a patieirt suggested continued or rencAved activity of the 
rheumatic process, this Avave tended to assume an abnormal contour. 
WheiA, on the other hand, other signs iiAdicated healing of the rheumatic 
lesions in the heart, it generally approached or resumed the normal shape 
(Fig. 1). 

In seA’’en cases a change Avas noted in Lead IV only (Fig. 2). In 
sixteen cases changes Avere observed in the three standard leads as Avell 
as in Lead IV (Fig. 3) ; but in a number of these records significance 
could be attributed to minor variations in the first three leads, especially 
slight changes in the T-Avave in Lead III, by finding gross alterations in 
Lead IV (Fig. 4). 


In fiAm cases changes Avere obseiwed in the three standard leads, 
Avhereas the contour of Lead IV Avas not affected. Under these condi- 
tions the altei’ations in the first three leads consisted either of variations 
in auriculoventricular conduction time or of Avell-defined changes in the 
T-Avave in Lead III. In ten cases no chaiAges Avere seen in any lead. 


york -was completed, it has become our custom to use small, dlrect- 
electrodes and a saline jelly. The right arm electrode is placed on the 
described. The electrode on the left leg serves as the indifferent 
‘^o^mlexes recorded in this ivay differ slightly in form from those 
ODtained by the anteroposterior technic. But the criteria for normaiity and the 
oiiaracter of the changes observed are the same. 

in Lead IV has heen observed in a number of normal children 
® years of age. However, changes occurring in successive records retain 
tneir significance with respect to denoting alterations in the state of the heart muscle. 
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The series is small and no significance is attached to the relative luim- 
ber of cases in which each of these occurrences was noted. It is strik- 
ing, however, that in twenty-three of thirty-eight eases the aiipearance 
of Lead IV was either the sole electrocardiographic index of active myo- 
cardial involvement or was important in confirming suggestive evidence 
supplied by the three standard derivations. It seems likely that had 
electrocardiograms been taken at more frequent intervals, the incidence 
of changes indicative of cardiac involvement would have been liighcr. 



Pi". 1. — D. H., female, aged twenty-five years, was admitted March 20. She had 
attacks of rheumatic fever at eight and sixteen years of age with mild, recurring 
joint pains since. She bore two children without cardiac sjTnptoms. Two months 
ago a heart murmur was heard. Two weeks before admission she had quinsy, followed 
soon after by severe joint pains and a rash. 

On admission: Temper.ature, OS.S” F. ; pulse, 100: blood pressure, 11-1/44. Heart 
enlarged ; mitral systolic and diastolic murmurs. Typical erytlicma nodosum over 
arms and legs. Starch Si: Temperature. 101.4° F. ; W.B.C.. 10,200 with 76 per cent 
polymorphonuclears ; Sedimentation rate. 87. Electrocardiogram : sinus rhythm ; rate, 
SO : P-R, 0.10 second ; Ti, upright. Aspirin. 3 gm. on this day. Marcii 2.}.- Temper- 
ature, 100° F. Joint pains less Intense and erythema subsiding. Electroc.ardiogram : 
Rate, 85 ; P-R, 0.10 second ; slight changes in the R-T segment in all leads ; T^. 
diphasic. March 27; Temperature, 100.2° F. Blectrocai'diogram : rate. 70; P-R, 0.10 
second. Again slight changes in the R-T segment in .all leads; T< at this time 
sharply Inverted. April 9-1}: Five teeth extracted, following wliich operation tlio 

Q _ 11,700. with SO per cent polymorphonuclears. 

' ■ rii ss: Aches and pains in the legs, shoulders, back, and 

■ ' ' ■ ■■ ■ ■ ■ ; sinus t.achyc.ardia ; rate, 105; P-R, 0.20 second. The 

was reactivated following extraction of teeth. T-wavc 
changes in all leads ; Pi. upright ; Tj. diphasic, with striking change in the eontour 
of the R-T segment. Map S: Sent to convalescent homo. 




884 


THE AMERICAN HEART JOURNAL 


Ambulatory Patients . — A single record only was taken of thirty-four 
ambulatory patients with rheumatic heart disease who came to the Van- 
derliilt Clinic. In eight, deviations from the normal were observed in 
Lead IV only. In seven, changes Avere seen in the three standard leads, 
as well as in Lead IV. In eleven, changes Avere observed in the three 
standard leads and not in Lead IV. In eighteen, no changes Avere re- 
corded in any lead. Single records of Lead IV on patients Avith rheu- 
matic heart disease have been taken by others.'^’ ° Obviously, it is not 
possible, on the basis of only one eleetroeardiogram, to establisli the 
presence of active carditis. Abnormalities, if present, merely indicate 
that the myocardium has been damaged. 



Fig. 2. — R. K., female, aged twenty-four years, was admitted April 4. She liad 
rtieumatic fever at the age of twelve years, with no known cardiac involvement. 
Polyarthritis recurred three montlis before admission and confined her to bed for a 
month. Since, she has noted dyspnea on exertion. 

On admission: Temperature, 98.8° F.; heart rate, 80; blood pressure, 116/68. She 
was thin and pale. Heart enlarged. Signs of mitrai and aortic valvular disease, witli 
congestive failure. April 6: Temperature,- 99.6° F. ; AV.B.C., 8,3,00, with 73 per cent 
polymorphonuclears. Sedimentation rate, 24. No drugs given. Electrocardiogi'am : 
®*”us rhythm ; rate, 65; P-R, 0.20 second; right ventricular preponderance; Th, 
gPpBbt. Aprii £3; Great improvement; patient very comfortable. Temperature, 
J9 F. ; AA^.BH., 6,500, witli 65 per cent polymorphonuclears. Sedimentation rate, 23. 
No drugs. Electrocardiogram : rate 64 ; P-R, 0.20 second. First three leads similar 
in appearance to tliose observedl April 6. Lead W showed marked notching of QRS 
and mvm-ted T-wave. April 27; Patient sent to convalescent home. May 10: Patient 
died m Peeksklll Hospital. Report stated that she had heart-block. 


Autopsy Cases. — Post-mortem examinations Avere made on seA’en addi- 
tional patients obseiwed in the hospital. In none had changes been noted 
in Lead IV only. In four, changes Avere seen in the first three leads, and 
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Fig-. 3. — V. S. P., male, aged twenty-five years, was admitted March 6. Ho liad 
two previous attacks of rlieumatic fever, tlie first fourteen years, and tlie second 
nine years prior to admission, each lasting for several montlis. There -were no 
cardiac symptoms. He complained of pain and swelling in various joints for one week. 

Oil admission Temperature 103° P. ; pulse, 84 ; blood pressure, 110/70. Tonsils 
large. Heart slightly enlarged. Systolic murmur at apex. All joints of arms and 
legs affected. W.B.C., 18,200. Throat culture yielded hemolytic streptococcus. March 
7; Temperature, 103.2° P. ; W^B.C., 17,900, with 85 per cent polymorphonuclears. 
Well-marked secondary anemia. Sedimentation rate, 45. Aspirin, 3.6 gm. on this 
day. Electrocardiogram: sinus rhythm; rate, 80; prolonged conduction, with P-R, 
0.22 second. No changes in form. March IG: Temperature, 99.4° P. Jloro comfort- 
able. W.B.C., 18,000 : sedimentation rate 48. Aspirin, 7.5 gm. on this day. Elec- 
trocardiogram: rate. 60; P-R, still 0.22 second; R-T segment, slightly elevated in 
Lo.ads II and III; Ti and T:. sliglitly lower; T<, less deeply inverted,' with greater 
convexity of R-T segment. March Si: Temperature, 99.2° P. : W.B.C.. 9,000, with 74 
per cent polymorphonuclears. Sedimentation rate, 17. Aspirin, 9 gm. on this day. 
Kicctrocardiogram ; rate, 55 ; P-R, 0.19 second ; T-waves, higlier in the first three 
leads, with elevation of the R-T segment in Le.ads II and III. In Lead IV, T-wave. 
deeply inverted, measuring 14 mm. ; R-T segment, depressed. The voltage in L,oad 
IV liad become greater, but tills is not due to overshooting, for the resistance was 
900 ohms. April I}; Temperature, 99° P. ; systolic murmur at apex persisted. 
Pyramidon, 3.6 gm. on this day. Elcctrocardiogi-am : rate. 55; P-R. 0.19 second; T;. 

deeper. R-T sognient in Le.ad HI, less sliarply elevated. In Lead IV, 
T-Wave, less deeply inverted. R-T segment, no longer significantly depressed. May 
It: Patient discharged from hospital. 
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Fig:, f— C. IE, male, aged twenty-nine yearj;, was admitted November 4. He had 
fever at the age of twenty-two years and was in bed for three months, 
Dili there was no known cardiac Involvement. An apical sy.stolic murmur was first 
ilS?™ j year beforei admis.slon. Nine days before ndn)l.«sion he land a .sore throat, 
louowed SIX days later by mild Joint paln.s and a temperature of 103° F. 

• -t .-■* ' y- ‘ollc blow at afie.x. Blood pressure, 140/90. 

“ . ' ' ' second; T<, diphasic. A'oecm&cr 9; Pa- 

' .: P-R. 0.14 second. T: and T., a little 

t n. i^ovcmhcr IS; Elcctrocai-diogram : P-R, 0.15 

wUh changes in the form of R and T in Lead III ; marked alter.atlon In Tt 

normal contour. Noventher S2; Patient very comfortable. Elec- 
" Again .slight change in Ta. Ijcnd IV as In proi’ious 
, . '. '■ ■ ischarged from hospital. Bcccmhcr 19: Patient rc- 

■ ■ ■ ■ ' . similar to the one of November 22. 
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tlie T-Avave in Lead IV was upright. In three of tliese eases numerous 
Asehoif bodies Avere observed in the heart muscle; in the fourth, acute 
fibrinous pericarditis established the presence of active rheumatic fever 
although no Aschoff bodies Avere found. In the fifth case the three 
standard leads shoAvcd changes, whereas Lead IV Avas normal. In this 
patient, acute rheumatic pancarditis AA'as present. In the tAvo remaining 
patients, active rheumatic heart disease Avas suspected during life, hut 
no changes Avere present in any of the four leads of the electrocardio- 
gram. In neither instance Avere Aschoff bodies found at autopsy. One 
proA'ed to he an example of A'errueous endarteritis associated AA-ith 
quiescent Amlvular lesions; the other AA^as a ease of gonococcal endo- 
carditis superimposed upon old, hut inactive, rheumatic heart disease. 

SUMMARY 

1. In rheumatic fcA'cr, if succcssiA'c electrocardiograms are taken. Lead 
IV may furnish evidence of aeth'e cai’ditis AA'hen changes indicating ac- 
tive myocardial involvement are not ohseiwed in the standard three leads. 

2. Frequently, gross variations in the contour of Lead IV indicate the 
significance of minor alterations in the three standard leads Avhich might 
otherAAuse he regarded as of doubtful importance. This statement ap- 
plies particularly to slight changes in the T-Avave in Lead III. 

3. On occasion, changes denoting rheumatie lesions in the heart muscle 
are present in the first three leads AAdien no change is apparent in Lead 
IV. 

4. In ambulatory patients Avitli rheumatic heart disease, a single 
electrocardiogram may reveal CAudence of myocardial damage in Lead 
IV only. On the basis of a single record, hoAvcA-er, it is clearly not pos- 
sible to establish the presence of rheumatic activity in the heart. 

5. Changes in the electrocardiogram characteristic of myocardial in- 
volvement Avere found in five patients Avhose hearts at autopsy shoAved 
lesions of actiA^e rheumatism. In tAvo patients, in AAhora aetiA^e rheumatic 
carditis Avas suspected during life but AA’as not found at autopsy, the 
electrocardiograms Avere normal. 

C. In rheumatie fever the use of Lead IV is of clinical A’alue as an 
aid in the recognition of active myocardial involA'cment and in folloAA’ing 
its course. 
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THE FOEI\l OP TME ELBCTllOCARDIOGRA]\I IN 
EXPERIMENTAL MT'OCARDIAL INFARCTION^ 


II. t The Early Efeects Produced by Ligatiox of the Axterior 
Descexdixg P>raxch of the Left Coroxary Artery 

Fraxklin D. Johxstox, M.D., Iax G. W. Hill,! M.B., axd 
Frank N. Wilsox, M.D. 

Axx Arbor, Mich. 

introduction 

W HEN one of the larger arteries of the human heart is suddenly 
occluded, the ventricular complex of the electrocardiogram under- 
goes a remarkable series of changes in form. Regarding the origin of 
these changes, which involve the QRS group as well as the RS-T segment 
and T deflection, there has been a great deal of speculation, and many 
different views as to the mechanism of their production have been ex- 
pressed. A better knowledge of the factors that determine the fonn of 
the electrocardiogram in coronary occlusion will not only be of great 
service in the diagnosis of this condition, but will also help us to under- 
stand and to interpret the electrocardiographic abnormalities that occur 
in other types of heail; disea.se. 

The experiments upon which this series of articles is based were 
prompted by the discovery that inlarction of the anterior wall of the 
human heart produces very striking and distinctive changes in the form 
of the initial ventricular deflections of prccordial leads. Previous ob- 
seiwations had shown that the ventricular complexes of such leads are 
similar in general outline to those obtained by leading directly from the 
anterior surface of the heart. We concluded that the use of direct and 
semidircct leads in experimental coronary occlusion could not fail to 
throw a great deal of light upon the questions at issue. 

A full account of the principal methods employed in our experiments, 
which were carried out on large dogs, has been given elsewhere."’ ' 
Standard Lead I was taken simultaneously with all semidircct and direct 
loads and is represented by the upper curve in all records. The special 
loads were taken with a vacuum tube in the galvanometer circuit,"’ and 
the connections were so made that negativity- of the exploring electrode 
produced an upward deflection. This electrode consisted of a small glass 
tube stopiiered with salted kaolin, in which a short wick or a small piece 

•From the DepartmoiU of Tntornal McRicine. Univer.sity of Michigan Medica] School. 
tTlio nr.«t article of tlii.*; series w.as iniblislicd in tlie Am. HkAHT ,T., !): .tAG. 1?3}. 
Tiie observations reported lierc were briefly de.«cribcd in a preliminary report’, and 
wore also referred to in a. paper read at a meeting- oP tlie .Association of American 
Flij-.sicians^. Wood and Wolferth’ liavc made a somewliat similar study. 
tOf the Department of Medicine, University of Aberdeen. 
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of sponge was embed-ded, and filled witlx a solxxtioii of sodixim. clxloiidc. 
Ill this solution a silver wire coated with silver chloride was immersed. 
The indifferent electrode was of similar constimction and was placed in 
contact with the subcutaneous tissues of the left hind leg. The sensitivity 
of the galvanometer was adjusted to give a deflection of 1 cm. for 20 
millivolts when taking direct leads, and a deflcctioxx of 3 cm. for 20 
millivolts when taking semidireet leads. 

In describing our results, it is convenient to speak of the earlier and 
the later stages of myocardial infarction, the fonner term being used- to 
designate those stages of the process that precede and the latter those that 
follow death of the fatally injured muscle. In this article we shah, for 


Do(^ /) ant de5c. //(Ration 
Control 7 mm 6H mm. 





LeadI 

infafci 




Control H mm. JHmm. 


Plgr. 1. — ^Experiment I (Cog A). The lower curve of each record represents a 
direct lead from the anterior surface of the exposed heart. In the upper row this 
curve is from a point near the base of the right ventricle,, in the lower row from a 
point near the apex of the left ventricle. A and D aj-e control curves ; the time after 
ligation wlien the other curves were taken is indicated. In the direct leads a deflec- 
tion of 1 cm. represents a potential difference of 20 mv. In this and all other figures 
the upper curve of each record represents standard Lead I. 


the most part, confine onr attention to the electrocardiographic changes 
that occur during the period immediately following coronaiy ligation. 


UESCRIPTION OR EXPERIMENTS 

Experivient I (Dog A ). — ^Direct leads were taken from twelve different points 
widely distributed over the anterior surface of the exposed ventricles. The heart 
was then covered with a gauze pad (1 cm. in tliiekness) soaked in normal salt solu- 
tion (0.9 per cent NaCl), and a scries of four semidireet leads was obtained by 
placing the exploring electrode in contact with the pad. Por the first of these 
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leads this electrode was X’laced rijioii the jvirt of the pad which lay upon the base of 
the right ventricle; with each succeeding lead it was moved about 2 cm. nearer the 
apex. Neitlier the direct nor the pad curves showed anytliing unusual; the latter 
are reproduced in Pig. 2 {A, B, C, and D ) ; and two of the former, one from a point 
on the base of the right and the other from a point near the apex of the left 
ventricle, in Pig. 1 and D). 

After these preliminary observations the anterior descending branch of the left 
coronary artery was ligated at a point just distal to the origin of the artery which 
courses down the lateral margin of the left ventricle. The experiment was com- 


Dog/i - Fad feads before ond 
offer f /got/ on of ont cfe5c. branch 




Plff. 2. — Experiment X (Dop A). Semidirect leads talcen from a pad laid upon the 
exposed heart. In these leads a deflection of 3 cm. represents a potential difference 
of 20 mv. 



plotcd by taking direct leads from the points previously explored and additional sets 
of pad loads at intervals during a period of about one and one-half hours. 

Within a few minutes the ventricular comphxes of the direct leads from the region 
supplied by the ligated vessel and of the semidirect leads from that portion of the 
pad overlj’ing this region were transformed into curves that are practically mono- 
pltasic. This change is well illustrated by the curve shown in Fig. IP wliich repre- 
sents a direct lead from the central part of the afTected region four minutes after 
the lig.ature was tied. This curve is characterized by the presence of a small initial 
summit, not present in the control curve (Fig. ID) from the same point, and by 
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complete fusion of QKS and T into a single broad downward deflection. The sharp 
intrinsic upstroke of the control curve lias completely disappeiired. The curve from 
the same point taken fifty-four minutes after the ligation (Fig. IF) is somewhat 
similar in outline, but downward displacement of the IlS-T segment is much less 
pronounced, and there is a sharp upward movement which :ipparcntly represents 
the intrinsic deflection, reduced in amplitude and occurring between 0.02 and 0.03 
second later than in the control curve. 


The changes that took place in the curve from the apical portion of the pad wore 
similar. In this case, however, no initial summit developed (Fig. 27/ and M), and 
the displacement of the ES-T segment was somewhat less pronounced. The sharp 
upstroke of the control curve (Fig. 2D) is not clearly represented in the curves taken 
after ligation. 


Uacfl 

Pomfd 


LeadX 


Point 3 


Do(^ 3 - onP cJcoccnd 'mcf //^af/on 

Control no 6 lc. nrrji/j. 



3'^ min. HQ min. ISmin. 


, Fig. 3.~pExpenment II (Dog' B). Direct leads from a point on tlie left ventricle 
neiore and at intervals after the lig.ation of the terminal portion of the anterior 
descending branch of the left coronai-j- arterj*. 


Upon the form of the ventricular complexes of the direct lead from the base of the 
right ventricle, which receives its blood supply from the right coronary artery, and 
upon the complexes of the corresponding pad curve, the ligation had very little effect. 
In the case of the direct lead there was some increase in tlie size of the T deflection, 
and the initial deflections became conspicuously notched, but the significance of these 
minor changes under the circumstances obtaining is uncertain. 

In the third pad lead the ligation was followed by definite downward displace- 
ment of the BS-T segment and by a reduction in the amplitude of the chief up- 
stroke, whicii corresponds to tlie intrinsic deflection of direct leads. In the second 
pad kad there was slight downward displacement of the ES-T segment but no other 
striking change. In the direct leads from the marginal portions of the region 
supplied by the ligated vessel, the changes in the form of tiie ventricuLar complex • 
were similar to those that took place in the third pad lead. It should be pointed 
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out, however, that in direct leads conspicuous downward displacement of the RS-T 
segment often occurs as a result of injury to the heart’s surface produced hy the 
application of the exploring electrode or by the continued pressure which it exerts. 
Such injury is particularly likely to occur when an electrode is applied to the sur- 
face of the exposed right ventricle whose anterior wall is continually in violent mo- 
tion. From some portions of this chamber it is often exceedingly difficult to secure 
direct curves that are free of injury effects. 

Experiment II (Dog B ). — After exposing the heart in the usual way, a series of 
direct leads from the anterior surface was taken. The curves oi^tained were in no 
way unusual. One of those leads was from a point near the apex and midway be- 
tween two small arteries which joined about one centimeter higher up to form the 
main trunk of the anterior descending branch of tiio left coronary artery. Several 
additional curves were taken from this point, and a loose ligature was then placed 
just above the junction of the arteries on either side of it. A curve from this 
same point was taken just before and another immediately after the ligature was 
pidled tight. Others were taken, first at shorter and later at longer intervals, over 
a period of about five hours. At the end of this time the animal died, apparently 
as a result of the prolonged anesthesia and artificial respiration. When the heart 
was removed, the infarcted region was plainly visible, particularly on the endocardial 
surface where it appeared as a pale area, some two or two and one-half centimeters 
in diameter, surrounding and involving the base of tlic anterior papillary muscle of 
the loft ventricle. 

All of the control curves from the point specified arc similar, and all show a 
small initial summit (Fig. ZA). Ninety seconds after tlvc ligature was tightened, 
there was already conspicuous downward displacement of the RS-T segment 
(Fig. ZB), but the deflections of the QRS group were not altered. During the next 
few minutes the RS-T displacement increased, and a definite reduction in the ampli- 
tude of the intrinsic deflection took place. In the later curves there was also some 
increase in the prominence of the initial upward movement. Forty-eight minutes 
after the ligation there was pronounced alternation in the form of the ventricular 
complex, and at this time a conspicuous summit at the end of the ventricular com- 
plex made its first appearance (Fig. ZE). Although the curves taken still later vary 
with respect to details, they are all similar in general outline to the curve shown in 
Fig. 2F, which was taken seventy-five minutes after the ligature was tied. 


Table I 

Time of Oxset and Amplitude of the Tntiun.sic Deflection in Expep.i.ment II 


TIME after 
ligation 

ON.SET 

OF INTRINSIC 

DEFLECTION 

(SECONDS) 

SIZE OF 

INTRINSIC 

DEFLECTION 

(MILLIVOLTS) 

Control 

0.003 

.')4 

90 sec. 

0.001 

GO 

110 sec. 

0.002 

54 

3 min. 

0.007 

42 

4 min. 

0.009 

40 

39 min. 

0.012 

28 

48 min. 

0.013 

34 

7.0 min. 

0.007 

20 

9.0 min. 

0.007 

34 

2 hr. 

0.009 

3G 

2 hr. 23 min. 

O.OOS 

36 

2 hr. 53 min. 

0.010 

3G 

3 hr. 43 min. 

0.012 

32 

4 hr. 43 min. 

0.019 

30 
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In llio cnrvc taki'n at four minutes, the intrinsic <1eflcction was for the first time 
ilistim-tlv later than in ilic control curves. In the subsequent curves the delay in 
the of llii.*" deflection increased until it reached apjuo.Kinuitely 0.01 second at 

fortv-eiftht minutes. At soveiity-fivc minutes, however, it was only ahout O.OO.'i 
second. From this time until tlie end of the experiment it varied between these two 
values. It is possible that some of these variations wore due to the difficulty of 
phicint; the exidoring electrode in contact with, exactly the same spot at each ob- 
servation. Tabic I drives the amplitude of the intrinsic deflection and the time of 
iis onsei with reference to the earlie.st ventricular deflection in standard Lead I for 
all the curves of the series. 

Exiiirimcni III (J^og S6 ). — In this instance the main trunk of the anterior de- 
scenilinp: branch of the left coronary arterj- was ligated about one centimeter below 
the tip of the left auricular a.ppendagc. This operation was performed in the 
surgical laboiafory under aseptic conditions. The small opening through which tlio 
ligation was done was inunciliately closed, and the chest wall was restored. ISIo 



Flf.'. 1.— -Hxii.-riiiemt III (Dofr 3G). Outline drawiup of the heart .>5liowlni; the loca- 
tion of the points explored by direct leads. 

elei'trocardiograms were taken until four hoiir« later. At this time the animal was 
brought to the electrocardiographic laboratory, wliorc, after standard and precordiul 
leads had been taken, the anterior surface of the e.vposed heart was explored by 
means of direct leads. From a number of points in the region supplied by the 
ligated vessel, enrve.s were taken at intervals over a period of five and one-half hmir.s, 
but all carves from the same jioinf were found to be practically identical. The few 
minor exceptions apjieared to he due to inaccuracy in placing the electrode on the 
spot it liad jiroviously occupied. IVe shall not need, therefore, to speeify the time 
ulicn each ohi-ervati<m was made. 

An fiiitlinc drawing of the heart which sliow.s the location of the points in- 
ve>;igat<Hl is r. (>rodi!eed in Fig. ■{. and «amples of the difl'ercnt types of curves 
ohtanied in Fig. A. Tiie cuivcs from points 3, f>, 7, 11, IS, 13, 14, 15, 10, 17, and 
15 v.'cre tu't obvii>ii>ily abnormal. It is convenient to divide the abnormal curves itito 
c!:,>-‘i-s, liiit it should he noted that many of the curve.s obtained are transitional 
in toriu l-'tv.ecn three regarded tin t.vpical of the one class and those regarded as 
typical of the other. 
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The central portions of the infarct lay on the lateral margin of the left ventricle. 
In the curves from this region (points S, 19, SO, S2, 25, and 2G) the QRS group 
displays a conspicuous initial summit, and the intrinsic deflection or cliief upstroke 
is of small amplitude. It is not possible to say with certainty whether or not the 
intrinsic deflection occurs slightly later than is usual in curves from the same region 



FIk:. .'). — Experiment III (Dog- 3G). Curves obtained from various points Indicated 

in Fig. 4. 


in normal animals. The ES-T segment is displaced downward, and some of the 
curves show a distinct elevation at the end of the ventricular complex. 

The curves from the peripheral liorlions of the infarct, of which that from point 
21 (Fig. 5) is a characteristic example, are distinctly difCercnt in several respects. 
In these the QES group shows two preliminary deflections, a sharp hut small dotvn- 
ward movement followed by a summit which corresponds in time to the initial summit 
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after the ligation when tliis lead was taken while the heart was covered 
with a gauze pad soaked in saline. In the second experiment the effect 
of covering the heart vdth a pad Avas not determined. Leads II and III 
were not taken in either of these experiments. In the third experiment 
(Dog 36) the chest wall was completely restored immediately after the 
artery Avas ligated, and no eleelroeardiograms were taken until four 
hours later. At this time the heart rate was quite sIoav (about 50 per 
minute) , probably because morphine had been given. The standard leads 
shoAved no striking abnonnalities as long as tlie chest remained intact. 
When the heart was exposed, hoAvever, a large Q deflection and pro- 
nounced displacement of the RS-T segment appeared in Lead I. At tlie 
same time, the heart rate rose to approximately 200 per minute. 



Fig-. 6. — ^Experiment III (Dog 3G). Cur\'es obtained by leading from certain polnt.e 
indicated in Pig. 4. Tlie cun'cs of the upper row show the effect of revei-sing the 
galvanometer connections upon tlie form of the curvo.s from points 19 and 10. The 
curves of the lower row were taken with a sharp exploring electrode, which wa.s 
pressed against the eplcardial surface il5s, lOs, and 8s) or pushed through the wall 
into the ventricular cavity (,10c and 27c). 

The appearance of RS-T displacement in Lead I after the heart Avas 
covered Avith a pad in the first experiment suggests that its absence Avhen 
the heart Avas fnlly exposed aa'os due to the lack of a satisfactory elec- 
trical contact betAveen the anterior surface of the heart and the body 
tissues (see Wood and Wolfei-th"). In the lliird experiment, hoAvcver, 
the RS-T displacement was absent Avlien the chest Avas intact and jircsent 
after the lieart had been exposed, and it .seems imiiossible that this dif- 
ference can be explained by the large change in heart rate that took place 
Avhen the chest Avas opened. 
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It is clear that any proeediire which alters the distribution of tlie 
electrical currents produced by the heart muscle may or may not affect 
the form of the ventricular complex in a given lead depending upon the 
circumstances. ’Whether, in a given experiment, opening the chest 
and exposing the heart will dimhiish or accentuate the changes in the 
ventricular complexes of T^cad T produced by ligation of the anterior 
descending branch of the left coronary artery Avould seem to depend 
chiefly upon the location of the infai’ct and of the contacts made by the 
heart with surrounding structures, but other factors arc probably also 
important. After the heart was exposed in the third experiment, there 
was a striking resemblance between the ventricular complexes of Lead I 
and the inverse of the curves obtained by leading directly from the 
central portions of the infarct on the left, margin of the heart. This 
resemblance was undoubtedly duo to a similarity between the i)otcntial 
variations of the left foreleg and those at the surface of the infarct. 
When the chest was opened, the contact, between much of those unin- 
farcted portions of the ventricular Avail Avhich faced toward the attach- 
ment of the left foreleg Avas broken, and the effect of the potential varia- 
tions occurring at the epieardial surface in these regions upon the 
potential of this extremity Avas diminished or abolished. In the first ex- 
periment the infarcted region Avas ]>rosumably more directly anterior, 
and the effect of the potential variations occurring at its surface upon 
the potential of the left foreleg Avas therefore increased Avhen the heart 
AA'as covered Avifch a pad. 

In the third experiment prccordial leads Avere taken immediately be- 
fore the heart Avas exposed. The indifferent electrode Avas placed on the 
left leg, and the ex]}loring electrode on the ]Arceordium, fii'st in the mid- 
line, then over the apex beat, and finally still fai’ther to the left. None of 
the resulting curves shoAv distinct RS-T displacement. The fii'st is cer- 
tainly normal. In the last tAvo, all the deflections are unusually .small, 
and a distinct doAvuAAmrd movement at the beginning of the QRS interval 
is absent. These curves Avere taken too soon after the ligation operation 
to preclude the possibility that some air still remained betAveen the 
anterior surface of the heart and the chest wall. 

Death Following Coronary Ligation. — ^No particular effort Avas ex- 
pended on the study of the disturbances of rhythm that usually folloAV 
the ligation of a coronary artciy, but a fcAV observations made inci- 
dentally in the course of our experiments are Avorth recording. In the 
second experiment (Dog B) no disturbances in rhythm Avere obseiwed at 
any time. In the first experiment (Dog A) ectopic beats of A^entricular 
origin, represented in Lead 1 by complexes Avhich vary greatly in form, 
Avere present in large numbers during the fifteen minutes immediately 
folloAving the ligation. None Averc observed thereafter. In tAvo other 
experiments (Dog C and Dog 48) hr AAdiich the anterior descending 
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brancli of the left coronary artery \vas ligated at a. high level after tlic 
heart had been completely exposed, ventriciilar fibrillation occurred 
\\ithin less than tvo minntes. In one of these experiments the extra- 
systolic arrliythmiu which preceded the onset of fibrillation was of very 
short duration; in the other instance it was either brtef or absent. In 
this last experiment very pronounced alternation in the form of the 
ventricular complexes was observed in a direct lead from tlie affected 
area one minute after the ligature was tied (Fig. 7). 

In the great majority of our experiments in which the anterior descend- 
ing arteiy was ligated, the operation was done under aseptic conditions 
through a small opening in the chest wall. When the ligature was ])laced 
about the main trunk of the vessel at a high level, the immediate mor- 




F|s. (. — Dog- C. ’Direct curves from a point on the left ventricle before (A) and 
(jB) ligation of tlie anterior descending branch of the left coronary 
r n F' ^ ventricular complex shows pronounced alternation. The heart was 
luily exposed when tliese curves were taken. 


tality was very large. Seven of eighteen animals died before the chest 
could be restored, that is, within less lhan a half hour. In some in- 
stances the heart was still uncovered and under obseivation when it 
failed, and in most of these it was still contracting vigorously at the 
time when ventricular fibrillation developed. In others, however, the 
heart dilated and had practically ceased to contract before fibrillary 
movements began. Two animals died with symptoms of congestive 
cardiac, failure, one thirty-six hours and the other four days after opera- 
tion. One died fifteen hours after operation, probably of acute cardiac 
failure. Another died forty-eight hours after operation as the result of 
infection. Seven animals were killed after the anterior surface of the 
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heart had been explored by means of direct loads, and six of these were 
found to have large infarcts. In tlie other the infarct was small, prob- 
ably because the ligature was not sufficiently tiglit to occlude the vessel 
completely. 

In eight animals the ligature was placed around one of the larger 
branches of the anterior descending artery oi- about the main trunk of 
this vessel at a low level. Only one of these animals died during the 
operation. One died of infection four and one-half days after the liga- 
tion, and the remainder wei’c killed after exposing the heart to obtain 
direct leads. 

Our experience suggests that death from ventricular fibrillation is very 
much more likely to occur during the first half hour following ligation of 
a coronary artery than at a later time. It is during this period that 
extrasystolic disturbances appear to be most common. Ventricular fibril- 
lation is much more often induced when the vessel ligated is a large 
one than when it is small. Death immediately after ligation is not al- 
ways due to the onset of ventricular fibrillation; it is sometimes due to 
failure of the contractile mechanism without disturbances of rhythm. 

DISCUSSION 

The principles governing the interpretation of curves obtained by 
direct and somidirect leads of the kind employed in the experiments de- 
scribed have been adequately discussed in a previous article.® It was 
there shown that the deflections obtained by leading directly from the 
ventricular surface are profoundly altered when the superficial layers 
of the muscle beneath the exploring electrode are injured. The method 
used to produce the injury is immaterial. The major changes consist 
in a pronounced displacement of the RS-T segment and a conspicuous 
decrease in the amplitude of the intrinsic deflection. High gi'ade injuries 
may cause this deflection to disappear. The form of the deflections which 
precede the onset of the intrinsic deflection is not altered. The magni- 
tude of the changes in the RS-T segment and intrinsic deflection 
diminishes with the lapse of time, and they eventually disappear. 

The changes induced by ligation of the artery that supplies the region 
with which the exploring electrode is in contact do not differ in any 
important respect from those that occur when this muscle is injured in 
some other way, and there is no reason to think that they have a different 
origin. Our observations indicate that certain minor differences exist 
but are not sufficiently extensive to prove that this is the case. 

In the first experiment (Dog A) one of the changes produced by the 
ligation was the appearance in direct leads from the affected region of a 
small summit at the beginning of the QRS inteiwal. In the second ex- 
periment (Dog B) a very thin small initial summit %vas present in the 
control curve; after the ligation this .summit became distinctly larger. 
In the third experiment (Dog 36) a conspicuous initial summit was pres- 
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ent in all curves from the central part of the infarcted region. We be- 
lieve that the appearance of a summit of this kind is due to a delay in 
the activation of the subendocardial muscle or to a decrca.se in the magni- 
tude of the electrical forces which activation of this muscle produces.® 
In the first two experiments the inti’insie deflection in leads from the 
affected area occurred slightly later after the ligation than before, but 
we arc not certain that the difference is significant. In two experiments 
(Dogs B and C) conspicuous alternation in the form of the ventrieular 
complex of direct leads from the infarcted region occurred, and we have 
also called attention to the development, in such leads, of a prominent 
summit at the end of the ventricular complex. In the case of superficial 
injuries involving only the subepicardial muscle, we have not seen any 
of these changes, but it is unlikely that they occur only in association 
Avith the type of injury produced In- destroying the blood supply to por- 
tions of the left ventricular wall. 

It is hardly to be expected that the changes produced by injuring the 
supei’ficial layers of muscle in a small, sharply circumscribed region will 
be exactly the same as those produced by ligation of an arterjE The 
injury produced by cutting off the blood supply often involves the whole 
thickness of the ventrici;lar wall and must vary greatly in degree from 
place to place, paiticuhuly at the margins of tlic affccled area. 

In the case, of the loft ventiielc, infarcts old enough to have become 
clearly visible are as a rule more extensive on the endocardial than on 
the epieardial surface and frequently involve only the inner layers of 
muscle. It Avoukl, therefore, be most interesling to determine Avhether 
the changes in the ven.tiicular com])lex ])roduced by coronary ligation 
ai'c the same in leads from the inner as in leads fi’om the outer surface 
of the ventrieular wall. Unfortunately, satisfactory leads from the endo- 
cardial surface are difficult to obtain. In a single experiment we deter- 
mined the effect of ligating the main tjmnk of the anterior descending 
artery upon the form of the curve obtained from the cavity of the left 
ventricle by tlu'usting a sharp electrode through the wall. The cuiwe 
taken before ligation was of the usual type® and displayed a deep U- 
shaped T deflection. After ligation this inverted T became somewhat 
smaller, but no other change occurred. The experiment was tei-minated 
prematurely by the onset of ventrieular fibrillation. 

Additional observations bearing upon the form of the curves obtained 
from the peripheral poitions of left ventricular infarcts will be pre- 
sented in a subsequent article. The curves from this region in the third 
experiment (Dog 36) differ from those obtained in other experiments in 
only one respect; they display a small downward movement at the begin- 
ning of the QRB interval. In all of the other curves of this class in our 
possession this dowiuvard movement is absent, and its significance is 
obscure. It is present in the curve obtained at point 10 by means of a 
sharp electrode (Pig. 6) and Avas obA’iously not produced by the sub- 
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epicardial imiscle. No similar deflection ocenrs in the curve from the left 
ventricular cavitj', which absence suggests that it did not depend upon 
the activities of muscle in distant parts of the heart but had its origin 
in those portions of the ventricular wall over which it was recorded. It 
was obtained over a large area, and a similar deflection is seen in some 
of the curves from points outside the infarcted region (Fig. 5). It was 
therefore probably present before and not produced by the ligation. Its 
direction indicates that the electrical forces responsible for it were pro- 
duced while the excitation wave was spreading toward the exploring 
electrode rather than away from it. The only suggestion that we have 
to offer is that it may have been produced by activation of the anterior 
papillary muscle or of the trabeculae on the anterior endocardial surface 
of the left ventricular wall. Although the mechanism of its production 
is, therefore, not clear, its absence in other experiments indicates that it 
is not an essential eharactcristie of curves from the margins of a left 
ventricular infarct. 

SUiMJIARY 

The electrical activities of the heart muscle during the first few hours 
following ligation of the anterior descending branch of the left coronary 
artery were studied by means of direct and semidireet leads, taken simul- 
taneously with standard Lead I. 

During this period the principal changes in the form of the ventricular 
complex in direct and semidireet leads from the region whose blood 
supply has been destroyed consist in a pronounced displacement of the 
RS-T segment and a reduction in the amplitude of the intrinsic deflection 
or chief upstroke. Similar changes are obseiwed in direct leads Avhen the 
subepicardial muscle beneath the exploring electrode is injured in other 
ways. 

A few hours after the ligation direct leads from the peripheral portions 
of the infarcted region show changes in the form of the QRS group and 
T deflection which are apparently characteristic aiid differ from those 
that occur in direct leads from the central portion. 

Extrasystolie disturbances and ventricular fibrillation are much more 
likely to occur within the first half hour following ligation than later. 
Death during this period is not always due to the onset of ventricular 
fibrillation; it is sometimes due to asystole occurring without disturbances 
of rhythm. 
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THE FORI\I OF THE ELECTR0CARDI0GRA:M IN 
EXPERBIENTAL ]\IYOC^VRDrAL INFARCTION* 

Ill.t The Later Eitects Produced by Ligatiox of the Anterior 
Descending Eranch of the Left Coronary Artery 


Frank N. Wilson, ]\LD., Ian G. W. Hill,+ M.B., and 
Franklin D. Johnston, i\I.D. 
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T he chief purpose of this article is to describe and to discuss certain 
cliangcs in the form of the ventricular deflections of dii’cct and semi- 
direct leads produced li.y ligation of the anterior descending branch of 
the left coronary ailery. The changes that occur during the first few 
hours immediately following ligation of this vessel have already been 
described, “ and we shall confine our attention here to those obseiwed later 
when the parts of the ventricular wall that have been deprived of their 
blood supply no longer respond to the excitatory process. 

The principal methods employed in our experiments have been de- 
scribed previously.’’ Standard Lead I was taken simultaneously with 
all direct and semidiroct leads and is represented by the upper cuiwc 
in all records. The direct and semidireet leads were taken with a vacuum 
tube in the galvanometer eii’cuit,® and the coiuiections were so made that 
negativity of the exploring electrode produced an upward deflection. 
The distant or indifferent electrode was placed in contact with the sub- 
cutaneous tissues of the left hind leg, and the sensitivity of the gal- 
vanometer was adjusted to gi^’e a deflection of 1 cm. for 20 millivolts 
when taking direct and of 3 cm. for 20 millivolts when taking semi- 
direet leads. 


In taking semidireet or pad leads the ex])loring clecti’ode was placed 
firmly in contact with a gauze pad (about 1 cm. in thickness) soaked in 
physiological salt solution and laid upon the exposed heart. The pad 
was sufficiently large to cover the heart completely and to make contact 
with the surrounding stnicturcs. Four cinwes were usually taken. In 
taking the first of these, the exploring electrode was placed upon that 
part of the pad which lay over the base of the right ventricle; with each 
suceeding lead it was moved 1.5 to 2.0 cm. toward the apex along a line 


•From the IDopartmont of Internal Metlielne, University of Michipan Wcdical Scliool. 
tFor tlie flr.st two article-^ of tills .series sec Wilson. Jolinston. and Hill' and John- 
ston. Hill, and WilsoiG. Tlic observations reported in thl.« article were brieflv described 
In a proliminaiy report* and were also referred to in a paper read at a recent meet- 
Inp of the .Association of American Pliy.slclan.s’. 

JOf the I>partment of Medicine, University of Aberdeen. 
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parallel to the long axis of the heart. Tlie final semidiroct lead was 
therefore from that part of the pad, which lay upon the apex of the left 
ventricle. 

In several experiments a short study of the absolute refractory period 
was made in order to determine whether the infareted muscle was capable 
of responding normally to stimulation’. For this purpose we employed 
the method used by 'Wilson and Herrmann.*^ An inductorium arranged 
to give single shocks was connected to a rotating device which made it 
possible to obtain break shocks at a constant rate. These shocks were 
delivered to the heart through an electrode consisting of a pair of small 
fishhooks, bound closely together but insulated from each other, which 



. 1. — Experiment I (Dog: 23). Outline drawing: of the left anterolateral surface 

o' the heart showing the location of the points from which direct leads were taKcn 
and the location of the points at which the rofractoiw period was determined. The 
broken line marks the boundarj- of the infareted region. Below is a sketch of a 
cross-section of the infareted region abovit 1 cm. below the ligature. 


were thrust into the superficial layers of mnsclc.. When the rate of 
stimulation was adjusted so that it -was only a little slower than the heart 
rate, each stimulus fell slightly later in the cardiac cycle than its pred- 
ecessor. By measuring the time, "with reference to the beginning of the 
QRS interval, of the latest ineffective and of the earliest elective 
stimulus, the approximate length of the refractory period was easily 
determined. The strength of the stimulus was varied by moving the 
secondary coil, which began to overlap the primary coil at a scale read- 
ing of approximate^ seven centimeters. 
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lELUSTRATIX-E EXPERIMENTS 

Expcrhiwnt I (Dot; SS ). — A sniall subdivision of tlic auterioi- descendiii}*' braiicli of 
tlic left coronary artery was ligated. Four days later tlie heart was exposed, and 
its iintcrior surface was explored by means of direct leads.. A series of semidirect 
leads was also taken. All of the semidirect and all but one of the direct curves 
were of the normal typo. The single abnormal curve was obtained from the extreme 
left margin of the left ventricle. Since this region was not clearly visible, the 
animal was turned slightly so as to expose the left anterolateral surface of the 
heart. Tliis jnocedure brought into view the ligated vessel and the pale zone of 
infarcted muscle surrounding it. Six additional direct leads were taken with the 
heart in this position. These curves are reproduced in Fig. 2. An outline drawing 
of the lieart shoeing the location of the points from which they were obtained and 
the location of the infarct, and a diagrammatic sketch of a cross-section of the in- 
farcted portion of the left ventricular wall, about 1 cm. below the ligature, are 
shown in Pig. 1. 






; ! r ^18 -■ 


Fie. 2. — Experiment I (Dog 23). The upper cun-e of each I'ccorJ Is standard Ijcad 
I. The lower curves represent direct leads from tlie points in Fig. 1 labelled with 
corresponding numbers. In all direct curves a potential difference of 20 mv. is repre- 
sented by a deflection of 1 cm. The connections were ahvays so made that negativity 
of the exploring electrode produced an tipward deflection. In all records the time 
interval beUveen successive vertical lines is one-flfth second. 


The curves from points 14, IS, and 19 do not differ in any important respect from 
those usually obtained from the corresponding jtortions of the normal heart. The 
curves from points IG and 17, both of which lay within the boundarie.s of the in- 
farcted region, are of an entirely dilTcrcnt kind. In these curves the QRS group 
consists of a single tall summit, and there is no trace of a true intrinsic deflection. 
There is, in other words, no sudden upstroke, represented by a thin and barely 
visible line us in the curves from points IS and 19, which can be ascribed to the ar- 
rival of the e.x<‘itatory process beneath the exploring electrode. Tiic T-wavc is repre- 
sented by a U-shaped depression followed by u small elevation. These ventricular 
complexes closel.v resemble those obtained when the exploring electrode is thrust 
through the heart wall into the cavity of the left ventricle.r 



906 


TIT12 AJIKKICAX IfKAKT ,TOUI!NAli 


In tlie curve from point IS, wliich wns ncnr tlie margin of the infarct, the QBS 
group begins M’ith an abnormally large upward movement and the intrinsic deflection 
is of unusually small amplitude, in our exp(!rimonts curves of this type were most 
often obtained from regions where only the inner layers of the ventricular wall were 
infarcted. 

The refractory period was tested at the four points labelled Ji, C, D, and E in 
Fig. 1. The last two points lay close together on healthy muscle. The first point, B, 
was very close to the margin of the infarct and the .second, C, was well within its 
boundaries. The time of the late.st ineffective iind that of the earliest effective 
stimulus at each point are given in Table I. It will be seen that the healtliy mus<do 
yielded definitely lower figures th'.m the infarcted muscle. The figures for point G 
vary with different tests, possibly because the jtosilion of the stimulating electrod**, 
varied slightly with difTerent applications. Such juinor discrepancies are common in 
experiments of this kind, and tlieir cause is not easily determim'd. 


Taiii.k I* 

HK.raAC'roay rKition in Exi’Kiti.MKNT I (Don ’JI!) 


POINT 

1 CUKVK ! 

1 

con, 

AT 

IIKAIIT 

UATK 

bATK.ST 

JNKPrKCTIVK 

STIMUI.US 

KAUbIK.gT 

KPFKCTIVK 

■STIMb'bb'.S 

D 


(i cm. 

192-193 

■IQillgllllllH 

0.153 

E 


0 cm. 

1SG-18S 


0.157 

B 


G cm. 

19.0-198 


0,1 SI 

C 

989 1 

G cm. 

19.0 



C 

991 

G cm. 

1S8 

(1.198 

0.202 

C 

992 ' 

G cm. 

187-lSS 

0.177 



*Tlie seoomlnry coil began to ovcrlni» tlie nrlmavy at a scale reading of approxt- 
niately 7 cm. In this experiment the iiealtli.v nui.«cle began to respond with tlie seC' 
ondary coil at 12 cm. Tlie infarcted innsclc did not begin to re.«pond until it w.a.s 
moved up to between 8 and 9 cm. Tlic curve niinibi'rs are given to indicate the onler 
in wblch the different tests were iiiado. Tlie jm'asuromcnt.s given la tills and later 
tables were made for n.s by Dr, Jolin Kybotr. 

Experiment II (Dog 19 ). — In this instance the electrocardiographic study was 
made forty-eight hours after ligation of the main trunk of the anterior descending 
branch of the left coronary artery. The first cnrve.s taken showed long periods of 
idioventricular rhythm separated by very .short periods of normal sinus rhythm. 
The idioventricular rate was approximately 190 per minute and only a little faster 
than the sinus rate. Wlien the vagi were cut tlie sinus rate rose to ap[)roximatcly 
240 per minute, and the abnormal rhytlim was abolished. An idioventricular rhythm 
of this typo was observed in many of our experiments. It was probably induced in 
part by the administrntion of morpliine, which in the dog enhances vagal tone and 
promotes ventricular escape, and in part by effects produced by coronary ligation. 
In those experiments in which there was no myocardial infarction it was not ob- 
served. 

The infarct was a very extensive one; it involved the greater part of the anterior 
surface of the left ventricle. On opening the chest it was noted that the affected 
region was paler in color and showed less contractile movement than the rest of the 
heart wall. A photograph of the inner surface of the left ventricle is reproduced 
in Fig. 3; it shows a large area of pale muscle largely covered by subendocardial 
hemorrhage. On the cut surface the pale muscle extended completely through the 
ventricular wall. The septum was not grossly involved, but close to its anterior at- 
tachment on the endocardial surface of the right ventricular wall a few islands of 
infarcted muscle were visible. 
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An outline drawing of tlie anterior surface of the heart showing the location of 
tlie infarct and of the points from which direct leads were taken is reproduced in 
Fig. 4, and samples of the curves obtained are shorni in Fig. d. The curves from 
points G, 7, 11, 12, IS, 14, 17, IS, and 21 are not abnormal; in all of these the QRS 
group begins with a conspicuous downstroke and the intrinsic deflection is of large 
amplitude. The curves from points 1, 2, S, 4, 5, S, 0, 10, 13, 16, 19, and 22, whiclt 
were on the infarcted portion of the heart wall, are similar in general outline to 
those obtained from the infarcted region in Experiment I. Tlie first and only prom- 
inent deflection of the QRS group is upward, and T is definitely inverted in all but 
one instance. Many of these curves, however, differ from the corresponding curves 
of Experiment I in one respect. The QRS group displays a small but sharp up- 
stroke, which apparently represents the intrinsic deflection greatly reduced in 



Fi^. 3. — (Dog- 19.) Photograph of the endocardial surface of the left ventricle. 
A pin at the right margin of the Infarct marks the attachment of the septum to the 
anterior ventricular wall. 


amplitude. In some instances this upstroke gives rise to a conspicuous notch on the 
descending limb of the initial summit (Fig. 5, Cuiwes 2 and 8) ; in others it occurs 
at the end of this deflection and begins below the baseline (Fig. 5, Curves 1 and 5). 
The curve from point 20, unlike the other curves from the infarcted region, sliows 
a very small initial downward movement. 

A set of four scmidircct or pad loads was also taken. In the first of the curves 
so obtained the QRS group beg^ins with a large downwanl movement; in the second 
the initial downward movement is small; in the last two it is absent and tlie ventricu- 
lar complexes resemble those obtained by direct leads from the surface of the in- 
farct. In standard Lead I tho most prominent deflection of tlio QRS group is a 
large initial downward movement, or Q-wave. Before the vagi were cut the T 
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deflection was sharply inverted (Fig. 5, Curves 1 and 14), but afterward the in- 
version was less pronounced. In Lead III the first and most prominent deflection 
of the QRS group was upward, and T was a pointed summit.* 

Tlie location of the points at which the refractory period was tested is shown in 
Pig. 4, and the measurements of the corresponding curves are given in Table IT. 
These points have been divided into three groups. At the points of the first group 
(points K, L, D, B, and JZ) the duration of the refractory period was about 
0.14 ±0.02 second. At the points of the second group (points E, F, Q, 0, and N) 
it rvas somewhat greater. At tln-ce of the four points (A, G, M, and P) of the 
third group no responses could be elicited; at the fourtli point, A, the length of the 
refractory period varied with different tests, possibly because the stimulating elec- 
trode was not accurately replaced. 


Tablk II 


BEniACTORY Fekiod JX E.\I‘EK1MENT TI (Doo 10) 


POINT 

CURVE 

NO. 

COIE 

AT 

HEART 

RATE 

Ij.\TE.ST 

IN'ErTECTIVE 

STIMUbUS 

EARblEST 

EfTECTIVE 

STIMUIiUS 

K 

947-.3 

6.75 cm. 

240-244 


0.1.30 

L 

04S-1 

0.75 cm. 

231-238 


0.1.33 

L 

949-1 

0.75 cm. 

2.32-230 


0.151 

D 

945-1 

0.75 cm. 

238 


0.1.34 

D 


0.75 cm. 

231 

0.134 

0.141 

D 

9.52-2 

0.75 cm. 

229-231 

0.1.32 

0.145 

B 

943-2 

8.25 cm. 

244-245 

0.120 ! 

0.160 

H 

947-2 

0.75 cm. 

238-240 

0.128 

0.164 

E 

946-1 

0.75 cm. 

240 

0.144 

0.182 

Q 

9.52-1 

0.75 cm. 

228-23*^ 

0.174 

0.175 

F 

940-2 

0.75 cm. 

240 

O.IOC 

0.177 

0 

950-2 

0.75 cm. 

220-234 

0.178 

0.190 

N 

950-1 

0.75 cm. 

234-240 

0.185 

O.ISS 

A 

943-1 

S.25 cm. 

, 242-244 

0.173 

0.197 

A 

944-1 

0.75 cm. 

i 242 

0.209 

No responses 

A 

945-2 

0.75 cm. 

242-244 

0.1.85 

0.208 

G 

947-1 

0.75 cm. 

239-240 

0.24.3 

No responses 

M ! 

949-2 

0.75 cm. 

2.30 

0.243 

No responses 

P ' 

951-2 

0.75 cm. 

2.30 

0.255 

No responses 


Experiment III (Dog 29 ). — Tlic electrocardiographic studios were made four days 
after ligation of the anterior descending branch of the left coronary artery. Before 
tlie cliest was opened for the purpose of taking direct leads, the standard limb leads 
and a set of three precordial leads were taken. In taking the precordial leads, the 
indifferent electrode was placed on the left hind leg; the exploring electrode con- 
sisted of a copper disk about one inch in diameter which was sewn under the skin 
of the precordium. For the first prccordial lead this electrode was placed in the 
midline at the midprecordial level; for the second, directly over the apex beat; and 
for the third, about seven centimeters to the left of the apex beat. In all three 
precordial curves the prominent downstroke with which the QKS group of the 
precordial electrocardiograms of normal animals ordinarily begins was absent; the 
ventricular complexes were similar to those obtained later by leading directly from 
the surface of the infarcted region. The ventricular complexes of tlie standard 
leads were similar to the cur%’es of the Q, T, typo frequently obtained in cases of 


Leads I and HI of this animal (Dog- 19) were, i-eproduced in the first 
f that article. Tlie standard curves of Dog 29 

shown in Fig. 7/ of the same article. In all the articles of this 
ments^” ® numbers are employed in referring to the animals used in our experi- 












WILSON ET AL. : EXPERIMENTAL MYOCARDIAL INFARCTION 909 



Fig. 4. — Experiment II (Dog 19). Outline drawings of the anterior surface of tlio 
Iieart sliowing the location of tlie points from which direct leads were taken (on the 
left), and of the points at which the i-cfractory period was determined (on the right). 



Fig. 5. — Experiment II (Dog 19). Direct leads from the points in Fig. -1. which 
boar the corresponding numbers. The upper curve of e.ach record is standard Lead 
1. Tile curves numbered 1 and were taken before, the remainder after cutting the 
vagi. 
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infarction of the anterior wall of the human heart ,-s there was a very large Q 
deflection in Lead I and a small R and deep S in Lead III. 

When the heart was exposed, it was observed that a large part of the anterior 
wall was abnormally pale, relatively immobile, and usually firm in consistence. It 
was subsequently found that the lower third of the posterior wall showed similar 
changes. When the heart was opened, the involvement on the inner surface of the 
left ventricle was seen to correspond in distribution to the involvement of the outer 
surface. On the endocardial surface of the free wall of tlie right ventricle a few 
small areas of infarction were found near the attachment of the septum j the 
septum itself did not appear to be involved. 

The approximate boundaries of the infarcted region and the location of the 
points explored are shown in Fig. 6. The curves from points 7, 8, 9, 10, 11, and 17, 
which were outside the affected region, were of the normal type; in these the QES 
group showed a characteristic intrinsic deflection preceded by a conspicuous down- 
ward movement (Fig. 7). The curves from points 1, 2, 3, 4, S, 6, 13, IS, 14, 15, 15, 
IS, and 19, all within the boundaries of the infarct, were of the same type as tliose ob- 




Pjg. 6. — ^Experiment III (Dog 29). Outline drawings of the anterior (on the left) 
and posterior (on the\ right) surfaces of the heart showing the location of the points 
from which direct leads were taken and the location of the points at wdrich the refrac- 
tory period was determined. Tlie upper broken line in the draw'ing on the left marks 
the upper boundary of the infarct; the lower broken line marks (approximately) the 
anterior attachment of the ventricular septum. In the di-awing on the right the upper 
boundary of the infarct is marked by a solid line. 


tained from the infarcted region in the experiments already described. They dis- 
played no true intrinsic deflection and no conspicuous downward movement during 
the QES interval; the sole deflection of the QES group was upward.* 

Instead of testing the refractory period at a large number of points as in Experi- 
ment II, only three points were stimulated, but the strength of the stimulus was 
varied through a wide range. One of the points investigated (point C near point 19) 
was near the apex and in the central part of the infarcted region. The second point 
(point D near point 6) was close to its margin, and the third (point 7) was just 
outside its boundary. The figures wiiich define tlie refractory period at these three 
points for stimuli of various strengths are given in Table III. In the case of 
point 7 a great increase in the strength of the stimulus had no appreciable effect 
upon the duration of the refractory period. At point D the refractory period was 


•Some of tile complexes of the cmwc from point 16 sbowecl a small initial downward 
movement; in other complexes this deflection was absent. 
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FIs'. 7. — Experiment III (Dog: 29). Direct leads from tlie points in Fig. C, tvliicli bear 
corre.sponcling numbers. Tlic upper curve of each record is standard I.rf3ad I. 




Fig. S. — Tlie lower curves represent direct lead.s taken before (upper row) and 
after (lower row) burning the muscle beneath the exploring electrode. The upper 
curve of each record represents standard Ijcad I. These curves were taken after the 
right branch of the His bundle had been cut. The direct curves were obt.alned by 
leading from the points in Fig. 6, which bear corresponding number.s. 
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definitely longer than at point 7 for stimuli of all strengths. The figures obtained 
are not entirely consistent, but apparently there was a tendency for the refractory 
period to shorten as the strength of the stimulus was increased. At point C only 
the strongest stimuli produced responses, and the period during which the muscle 
was refractory even to these was very long. 

Table III 


Eefeactory PERiorf IN Experiment III (Dog 29) 


POINT 

COBVE 

NO. 

COIL 

AT 

HEART 

RATE 

LATEST 

INEITECTTVE 

STIMULUS 

EARLIEST 

EFFECTIVE 

STIMULUS 

7 

Ell 

8 cm. 

167 

0.146 

0.169 

7 

E14 

8 cm. 

158-160 

0.183 

0.185 

7 

E20 i 

6 cm. 

154 

0.148 

0.177 

7 

E19 

4 cm. 

153-155 

0.159 

0.170 

7 

E27 

1 cm. 

147 

0.161 

0.172 

7 

E28 

1 cm. 

148 

0.058 

0.176 

D 

E13 

8 cm. 

161-162 

0.218 

0.223 

D 

El 7 

8 cm. 

158 

0.249 

0.258 

D 

E2-1 

G cm. 

152-153 

0.201 

0.219 

D 

E.18 

0 cm. 

1.58-159 

0.201 

0.210 

D 

E23 

4 cm. 

152-1.53 

0.199 

0.200 

D 

B2o 

1 cm. 

146-148 

0.195 

0.212 

C 

E15 

8 cm. 

160 

0.364 

No responses 

C 

E21 

6 cm. 

155 

0.295 

No responses 

C 

E16 

5 cm. 

i 158 

0.336 

No responses 

C 

E22 

4 cm. 

152 

0.289 

0.332 

c 

E.26 

1 cm. 

146 

0.287 

0.300 


After the right branch of the His bundle had been cut in order to determine the. 
effect of the infarct upon the form of the levocardiogram,i it was decided to adopt 
a different method of studying the condition of the muscle at or near the three 
points where the refractory period had been measured. Direct leads were taken 
from points 19, 6, and £0 immediately before and again immediately after the super- 
ficial layers of muscle surrounding each of them had been burned with a hot iron. 
At point SO the injury resulted in pronounced downward displacement of the S-T 
segment and a conspicuous reduction in the amplitude of the intrinsic deflection 
(Pig. 8) ; at points 6 and 19 it produced no change whatsoever in the form of the 
ventricular complex (Pig. 8). It may be concluded that the muscle at point SO 
was living but that the superficial muscle at points 6 and 19 was dead, or at least 
incapable of responding to the natural excitatory process. It is therefore probable 
that stimulation at these last two points produced responses only when the strength 
of the stimulus was increased to a point ivhere a current of stimulating value flowed 
in the nearest muscle that was still living. 

COMMENTS 

We have recently discussed'^ in some detail the principles that govern 
the interpretation of the galvanometrie curves obtained by epieardial 
and semidirect leads of the kind employed in the experiments described 
in this article. It has been pointed out that the conspicuous downstroke 
which immediately precedes the intrinsic deflection in dii’ect leads from 
the epieardial surface of the normal ventricular wall represents the 
.spread of the excitatory process from within outward through that 
jiortion of the wall subjacent to the exploiing electrode. The polarity 
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of tlicse electric forces is such as to make tlie epicardial surface posi- 
tive with respect to the endocardial surface and to points distant from 
the heart. The intrinsic deflection itself represents the sudden change 
in the potential of the exploring electrode which occiu’s when the arrival 
of the excitatory process at the epicardial surface brings tliese forces, 
and hence the electromotive force across the ventricular wall, to an end, 
and thus allows the exploring eleeti’ode to assume the potential of the 
adjacent portions of the ventricular cavity. When the venti’ieular wall 
beneath the cxploi’ing electrode is dead, it does not respond to the excita- 
tory proce.ss, and the endocardial and epicardial surfaces undergo similar 
variations in potential. The curves obtained from the epicardial suiTace 
then resemble those obtained from the adjacent portions of the ven- 
tricular cavity; there is no conspicuous domiward movement during the 
QRS inteiwal, and no tme intrinsic deflection occurs. 

According to this view, the large initial summit of the QRS group in 
direct leads from infareted portions of the ventricular wall represents 
potential variations practically identical with those that take place in 
the ventricular cavity and is due to the suppression of the electrical 
forces normally produced by the outward spread of the excitation process 
through that part of the ventricular wall witl) which the exploring elec- 
trode is in contact. When tins deflection is the sole deflection of the 
QRS group and is unnotched, it is assumed that all the muscle Ijdng 
between the exploring electrode and the ventricular cavity is dead, or at 
least that it no longer re.s])onds to the natui’al stimulus. When this de- 
flection displays a conspicuous notch ending in a shai’p upstroke, as in 
some of the curves obtained in Expeiimcnt II (Dog 19), it is assumed 
that some of this muscle is still responding, but whether a small amount 
of muscle is producing electrical forces of nomal magnitude or a large 
amount of muscle is producing electrical forces of subnonnal magnitude 
is not easily determined. It is clear that even nonnal muscle will not 
respond unless there is some route by way of which the excitatorj* process 
can reach it; in cases of the kind under consideration we cannot, there- 
fore, suppose that we are dealing with islands of healthy tissue com- 
pletely suiToundecl by dead tissue. We maj”, however, be dealing with the 
converse, islands of dead tissue .separated by layers of living muscle. It 
should be noted that the duration of the QRS group in leads from the 
infareted region is not obviously increased, and, if any mu.scle in this 
region responded, the delay experienced by the excitation wave in reach- 
ing it must have been relatively slight. In all of oiu* experiments there 
was an exact correspondence between the region which yielded abnoi-mal 
curves of the Idnd described and the region which showed gi'oss signs of 
infarction. There is no rea.son to suspect that the abnonnalities noted 
were in any way dependent upon involvement of the branches of the His 
bundle, of their major subdivisions, oi- even of the Purkinje plexus. 
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The.y were apparently due directly to the infarction of the ordinary 
muscle of the ventricular wall and the resulting disappearance of the 
electrical forces normally produced by the muscle affected. 

In most of our experiments the KS-T segment and the T deflection of 
the curves from the infarcted region were represented by a U-shaped 
depression, sometimes followed by a small summit. In some instances, 
however, there ivas no definite displacement of the ES-T segment, and 
T was frankly upright. Curves from the left ventricular cavity usually 
display final deflections of the former kind. 

It was our hope that studies of the refractory period of the infarcted 
region would yield important infoi*mation regarding the ability of the 
affected muscle to respond to the excitatory process. It soon became 
appai’ent, however, that such studies had very little if any value. It is 
obvious that, if the strength of the stimulus is sufficiently increased, the 
current flowing wiU rise above threshold value even in those parts of 
the heart most distant from the stimulating electrode. If several points 
on the surface of the infarcted region are found to differ as regards tlie 
appai’ent duration of the refractory period, or ivith respect to the 
strength of the stimulus required to produce a response, the differences 
found may depend either upon differences in the condition of the muscle 
at these points, or mei’ely upon variations in the distance of the point 
stimulated from healthy muscle. It is probable that the reduction in the 
length of the refractory period observed in our experiments when the 
stimulating electrode was moved from the central toward the pei’ipheral 
portions of the infarcted region has no significance. This is certainly 
true in the case of Experiment III, in Avhich the form of the ventricular 
complexes obtained by leading directly from the twm points in the in- 
fareted region at or near Avhich the refractoi’j’’ period ivas detemined 
was not altered by buiming the muscle upon wfiiich the exploring elec- 
trode rested. 

In the experiments in Avhich ligation of the anterior descending branch 
of the left coronary artery produced a verj^ lai’ge infarct, the QES group 
of standard Lead I began Avith a large doAvnstroke, or Q deflection. It 
is perhaps AA'orth noting that the apex of this deflection and that of the 
initial summit of the cui’A^es obtained by leading from the central por- 
tions of the infarct Avere ahvays nearly simultaneous. This relation 
suggests that the large Q deflection and the initial summit of the direct 
leads have a similar origin. 


SUMMARY 

One to four days after ligation of the anterior descending branch of 
the left coronary artery or one of its subdivisions, the anterior surface of 
the dog’s heart Avas explored by means of direct and semi direct leads. 
In taking these leads, the exploring electrode Avas paired Avith an in- 
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different electrode placed on the left hind leg, and the connections were 
so made that relative negativity of the former electrode produced an up- 
wai’d deflection in the completed record. 

The curves obtained under these circumstances by leading directly 
from the epicardial surface of the infareted region have a characteristic 
outline. The initial and usually the sole deflection of the QRS group 
is a tall summit. The downward movement which normally precedes 
the intrinsic deflection in direct leads from the ventricular sui’face is 
absent. The intrinsic deflection is likewise absent, or is greatly reduced 
in amplitude in which ease it is often represented by a deep notch on 
the descending limb of the initial upward deflection. The RS-T seg- 
ment and T-wave are usually rc])rescnted by a U-shaped depression, 
sometimes followed by a small summit. 

Cui’ves of similar form are obtained when the exploring electrode is 
separated from the epicardial surface by a pad of gauze soaked in jihysio- 
logical salt solution or by the prceoi-dial tis.sues of the intact chest wall. 

The curves in question are A^ciy much like those obtained by intro- 
ducing the exploring electrode into the cavity of the left ventricle. They 
owe their characteristic form to the absence of the electrical forces nor- 
mally produced by the portion of the ventricular wall deprived of its 
blood supply. 
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THE CEREBRAL BLOOD PLOW IN MAN AS INFLUENCED BY 
ADRENALIN, CAFPEIN, AMY]j NITRITE 
AND HISTAMINE* 

P. A. Gibbs, M.D., E. L. Gibbs, and W. G. Lennox, ]\LD. 

Boston, Mass. 

A lthough there is a. considerable literature dealing with the action 
of various drugs on the blood supply to the brain, most of it is 
based upon experiments conducted on animals under an anesthetic. Ob- 
servations on man have been indirect and, for the most part, frag- 
mentarj’’. Changes in spinal fluid pressure, or in the tension of oxygen 
in the internal jugular vein, have given presumptive evidence of altera- 
tions in blood flow, and studies on the changes in caliber of the cerebral 
blood vessels at operation liave yielded interesting data. ]\Iueh more 
questionable are deductions derived from observations of the action of 
drugs on systemic blood pressure or on the circulation in the skin and 
other organs of the body, for previous studies from tliis laboratoiy have 
shown that the cerebral circulatory response to eitlier nervous or chemical 
stimuli may be the opposite of the response of blood vessels elsewhere 
in the body.^ 

The effect on the cerebral circulation of numerous important drugs has 
not been investigated, and among those that have, a confusion of testi- 
mony exists. Results of animal experimentation are often not ap- 
plicable to clinical problems. The securing of accurate information 
from human subjects is of extreme importance, because of its bearing 
on the treatment of those conditions in which the blood supply to the 
brain is endangered. The chief clinical interest lies in laiowing the 
effect of a drag on the volume of blood flowing through the brain, for 
a defective supply of blood and of oxygen quickly interferes with cer- 
ebral activity. 

MATERIAL AND METHODS 

The device which we have used for registering changes in blood flow 
is a thennoelectric flow recorder pi-eviously described by one of us." 
It consists essentially of a fine wire stilet with an electrically heated 
tip. This stilet is thrust through a hollow needle into the Inmen of 
the internal jugular vein. A constant electric current is applied to the 
tip of the stilet, sufficient to heat it to a temperature a degree or two 

•From the Neurological Unit of the Boston Cltv Hospital, Boston. Mass. Tliis 
paper IS No. 39 In a series from the Department of Neurolog>' of Harvard Medical 
School entitled “The Cerebral Circulation.” The investigation was aided by a grant 
from the Josiah Macy, Jr., Foundation. 
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above that of the blood. As the blood flows past the heated tip of the 
stilet, the tip is cooled. Tlie faster the blood flows, the cooler the tip 
becomes; the slower tlie blood flows, the hotter the tip becomes. The 
temperature of the tij) is measured by means of tliermojunctions in 
scries with a galvanometer. In order that a change in body tempera- 
ture sliould not be misinterpreted as a change in flow, the cold .iunction 
is mounted on the stilet behind the hot junction; it then becomes pos- 
sible to measure not the absolute tempcratui’c of the tip, but the dif- 
ference in temperature between the heated tip and the body of the 
.stilet. This difTercnce in temperature varies only slightly with changes 
in body temperature but great! j-- with changes in blood flow. 

The instrument records changes in the velocity of the surrounding 
.sti'cam. If, however, the cross-section area of the stream remains con- 
stant, changes in velocity may be interpreted as changes in volume 
flow. The ti]) of the stilet in our experiments was in the internal jugular 
vein close to its point of exit from the skull, a situation whei'e only 
slight changes in the caliber of the vessel could occur, for where the ves- 
sel pierces the skull, it has essentially ingid walls. We believe, there- 
fore, that we arc warranted m interpreting changes in velocity as being 
due to changes in volume flow. 

The data obtained are only roughly quantitative. They furnish no 
absolute values for volume flow; they indicate only the direction and 
general magnitude of alterations in volume flow. Because it is im- 
possible to duplicate exactly the position of the stilet in the vein, 
records from separate experiments arc only roughly comparable, as 
regards the magnitude of the changes. They are, however, strictly com- 
parable as regards the dii’cction of these changes. Respiratory move- 
ments and blood pressure were recorded simultaneou-sly with cei’cbi’al 
blood flowL 

This study was conducted on patients in the Neurological Unit of the 
Boston City Hospital, most of whom were subject to cirilcptic s.?izui-cs. 
In each case, the subject gave his full consent to the procedure carried 
out. 

EPINEPHRINE 

Well known is the fact that adrenalin acts in general as a vasocon- 
strictor and produces pallor of the skin. Concerning affairs in- 
side the cranium, the testimony in the literature has been somewhat 
confusing; only the most recent animal experimental work need be 
quoted. The primary action of adrenalin on pial ailerioles, as on those 
elsewhci-e, is one of constriction. This is shouui by local application 
to the pia mater (Forbes, Finley and NasoiF) and by the experiments 
of Finesinger and Putnand in which with the pre.ssurc of the perfused 
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blood maintained at a constant level, injected epinephrine' caused a 
44 per cent decrease in the volume of blood flowing through the head, 
and a 10 per cent decrease in the diameter of pial arteries. When, 
liowever, the increase of blood pressure was unrestricted, intracarotid 
injection of epinephrine caused a 13 per cent dilatation /of pial ves- 
sels, and simultaneously an 85 per cent constriction bf,-4he vessels of 
the animal’s ear.^ These experiments indicate that'a'-fise in blood 
pressure can ovei’come epinephrine vasoconstriction within' the head but 
not outside. They suggest that the drug increases the cerebral cir- 
culation. With an instrument of the same general type as that used 
here, Schmidt and Pierson® ha^m found that epinephrine injected 
intravenously produces an increased blood flow through the medulla 
of cats. ' ■ ' ...... 

In eleven instances we injected a solution ' of epinephrine chloride 
intravenously. The results were unequivocal. In' every case, there 
was an abrupt and great acceleration of blood flow. ' In eight instances, 
the amount injected, from 0.1 to 0.2 e.e. of a 1/1,000 solution, was suf- 
ficient to cause a sharp increase in blood pressure and in pulse rate. 
The curves representing blood flow and blood pressure were so similar 
in fonn that it seems evident that the increase in flow was in the main 
secondarj'- to the mcrease in sj^stemie blood pressure. 

One of the records obtained is produced in Fig. 1. Following the 
injection of 0.1 c.c. of a 1/1,000 solution of epinephrine,, there was a 
marked and sudden increase in blood flow. The fact that the blood flow 
cuiwe is flatter at the top than the curve of blood pressure is possibly 
due to the characteristics of the flow recorder, for it has a “ceiling” be- 
yond which pronounced increases in flow do not register correspondingly 
great changes in temperature. ■ 

The amount of epinephrine which we injected in our first expei’i- 
ments was undoubtedly greater than the amount secreted into the blood 
stream by the adrenals, and, therefore, the experiments do not repre- 
sent physiological conditions. On three occasions we used much smaller 
doses, fi’om 0.01 to 0.005 of a 1/1,000 solution. In each instance there 
was a moderate increase in flow without, howevei', a corresponding and 
simultaneous in'crease in blood pressure. The latter either fell or re- 
mained constant. 'The''heart .rate increased. Our evidence, therefore, 
indicates that in man the intravenous injection of adrenalin in amounts 
too small to raise blood pressure, as well as in larger nonphysiological 
dosage, produces an increase in' cerebral blood flow. 

CAFEEIN 

Because clinicians have found that caifein is valuable for patients 
having the Cheyne-Stokes type of respiration, it has been assumed that 
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cafi'ein acted to improve the cereln-al and especially the medullary circu- 
iation. Tlie experimental work with calTein has, however, been con- 
fusing. 

Finesinger'’ has reviewed the literature. His own study showed tliat 
the response of the pial vessels in cats differed with the type and extent 
of the anesthesia and with the initial blood pre.ssure. When tlie animal 
had recovered from ether, caffein injected intravenously caused the pial 
artery to constrict momentarily and then to dilate. In human subjects, 
Stevenson and his eoworkers,' using a tambour eovering a skull defect,, 
obtained a drop in intracranial pressure, and Loman and Myei-son,'^ a 
fall in spinal tluid pressure with no change in internal jugular venous 
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Pig-. 1. — Effect of largo dose of adrenalin on cerebral blood flow. 

The tracing labcle<l ‘'biood flow” Ls a record of the blood flow through an internal 
jugular vein. Above thi-s is a record of chest movements. Below is a record of 
.systolic blood prc.ssurcs taken by tlie aviscultatory method with the cuff on the upper 
arm. Tiie maximum increase from tlie level at the time of injection was CO mm. 
Tlie bottom record gives time In minutes. Tlie arrows- indicate the period of injec- 
tion. 


pressure. These authors conclude that caffein causes a decrease in 
brain volume. However, such a fall in intracranial jircssurc could 
be caused by vasoconstriction due to a lowci'ed blood CO, resulting from 
a caffein-iiuluced hyperpnea.’ Finosinger and Putnam." using monkeys 
;ind keeping blood pre.ssure constant, found that caffein ciiused an in- 
crease in cerebral flow of 116 per cent. There is no experimental 
evidence in the human subject to .show tvliethcr the net result of the 
action of cafiein on blood vessels, on rc.spiration, and on blood pre.ssure 
ju-oduecs an inerciisc or a decrease in cerebral blood flow. 
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Six experiments were conducted in which 0.5 gm. caffein sodium ben- 
zoate was injected intravenously. In five of the tests, within a minute, 
there was a gradual fall in flow. In all but two instances, after from 
two to ten minutes of diminished flow, it again increased to or slightly 
above its preinjection level (Fig. 2), Of particular importance in these 
observations is the fact that in all the cases the caffein caused a slight 
elevation of blood pressure. 

A decrease in cerebral blood flow in the face of an increased blood 
pressure must mean that a cerebral vasoconstriction occurred due, per- 
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Fig:. 2. — Effect of cafCein on cerebral blood flow. 

The curves have the sigrniflcance as In Fig. 1. At P the needle was Inserted into 
an arm vein. During period marked) "Inj.,” 0.5 gm. of caffein sodium benzoate was 
injected into blood stream. The maximum increase in blood pressure from the pre- 
injection level was 33 mm. Hg. 


liaps, to the alkalosis induced by the stimulation of respiration. These 
findings are not in full accord with the experimental results in animals 
referred to above, but they are in accord with the indirect evidence on 
man obtained by other authors. 

The beneficial effects of caffein in Chejme-Stokes breathing cannot 
be explained by an improved circulation, unless it is assumed that in- 
creased flow occurs in only a certain small portion of the brain. If 
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circulation alone were responsible for clinical improvement from the 
use of caffein, yet greater benefit would be anticipated (but does not 
occur) from epinephrine. 


AAIYL KITRITE 

The flushing of the skin and sharp drop in blood pressure which 
follow inhalation of amyl niti-itc indicate a profound dilatation of 
arterioles. That this occui-s also in cerebral vessels is proved by the 
throbbing sensation in the head, by the prompt rise in spinal fluid pres- 
sure of humans, and by the observed dilatation of pial arterioles of cats." 
In the presence of both a dilatation of arterioles and a fall in systemic 
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Kigr. 3. — Eftoct of hreatlilng amyl nitrite on cerebral blood flow. 

Cur\'cs have the same slpniflcance a-s In Fip. 1. Curing’ the period marked "amyl 
nitrite," a cru.shetl ampule was held under the .subject'.s nose. The maximum de- 
crease In blood pre.ssuro from the prclnjcctlon level was' 25 mm. Hg. 


blood iiressure, whether the total blood flow through the brain increases 
or decreases can bo told only by direct measurement. 

In eight instances subjects inhaled the fumes from a crushed amyl 
nitrite pearl. They were instructed to breathe fpiietly in order not to 
introduce the factor of an altered CO„ content of the blood. Inhalations 
were discontinued when the eharaeteristic flushing of the face or drop 
in blood pressui-e appeared. Tlie results as regards cerebral blood 
flow were varied. In four instances the blood flow increased, returning 
to its original level after several minutes. In two instances there was 
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a temporary rise, lasting less than a minute and followed by a fall. 
The happenings with respect to the blood pressure were constant: -a 
drop occurred in all. In six of the eight cases the flow increased as the 
pressure fell, indicating a cerebral vasodilatation. A repi’esentative 
curve is that shown in Fig. 3. 

In considering the effect of amyl nitrite and similar general vaso- 
dilators, it must be realized that the drop in blood pressure which they 
produce tends to reduce cerebral blood flow. The fact that there was, 
in six eases, an immediate increase in flow indicates that the cerebral 
vessels liad dilated sufficiently to permit an increased flow despite the 
decrease in pressure. In the two cases in which a decrease in flow oc- 
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Pig. 4. — Effect of histamine on cerebral blood flow. 

Tracings as in Fig. 1. At P needle was inserted into an arm vein. During jjeriod 
marked "Inj.,” 0.5 mg. of histamine was injected into the blood stream. The maximum 
Increase In blood pressure, above the preinjection level, was 25 mm. Hg. 

t 

curred, the cerebral vasodilatation presumably was not complete enough 
to compensate for the fall in pressure. In these two cases, however, the 
decrease in flow was not as great as would have been expected had so 
marked a drop in pressure occurred without an increase in the caliber of 
the cerebral vessels. 

HISTAMINE 

Tlie difficulty of aceejiting animal experiments is shown by the diverse 
effects on pial vessels dependent on the type of anesthesia used.^® With 
amytal anesthesia, injection of histamine caused pial dilatation. More 
important are the observations that intravenous injection of histamine, 
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because of the sharj) increase in spinal lluicl i)ressuro, can be used in 
Innnan subjects as a measure of circulation time from any vein to 
cerebral arterioles. Because there is not a corresponding fall in blood 
])rcssurc, there must be a considerable increase in cerebral blood flow. 
AYeiss and Lennox^ found this to be true, judging from a decrease in 
the A-V dilTerence for oxygon in the internal jugular vein blood. 

In the single trial of histamine which we made, the result was as ex- 
pected. The cerebral blood flow increased gradually but steadily for 
ten to fifteen minutes, then fell rather abntptly to the previous level. 
In contrast, the blood prc.ssure fii-st fell, then rose, and returned to the 
normal level while the flow was still increasing (Fig. 4). 

SUMMARY 

Records of changes in cerebral blood flow were obtained by means of 
a thermoelectric blood flow recorder introduced into the internal jugular 
vein of unanesthetized subjects. Simultaneous records were also made 
of respiration and blood pressure. 

Intravenous injection of amounts of adrenalin chloi’ide, sufficient to 
cause a marked rise in blood px'essure, caused a great increase in cerebral 
blood flow, this increase undoubtedly being secondary to increase in 
blood pressure. ^Minute amounts of adrenalin caused a slight rise in 
flow without change (or with a fall) in blood pressure, suggesting a 
vasodilator action. 

Intravenous injection of eafCcin sodium benzoate usually caused a 
decrease in flow, with eventual re.storation to a normal or slightly more 
than normal level. Since this occurred in the face of an invariable rise 
in blood pressure, a temporary constricting action, perhaps secondary 
to respiratory stimulation, is indicated. 

Inhalation of amyl nitrite produced xusually an increase in flow in 
sjxite of a decrease in blood pre.ssure, indicating a pronounced dilatation 
of cerebral vessels. 

Intravenous injection of histamine in one case caused a gradual but 
progressive increase in blood flow, independent of blood pressure changes. 
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THE PRECOHDIAL ELECTROCARDIOGRAM 


]. Tin: PoTnKTiAn Variations op tui: Precorimum and of the 
Extremities in Xormae Subjects^ 

Charles E. Kossmann, jM.D., New York, N. Y., and 
Franklin D. Johnston, M.D.. Ann Arbor, Micri. 

I N A recent piiblication from this haboratory* a method of obtaining 
electrocardiograms which represent the potential variations of a 
single electrode was described. It was shown that a central terminal 
connected through large and equal resistances to the right arm, the 
left arm, and the left leg may be regarded as at zero potential through- 
out the cardiac cycle. When this terminal is paired with an exploring 
electrode, the curve obtained I'epresents the potential variations pro- 
duced by the heartbeat at any point with which this electrode is in 
contact. It is the purpose of this article to describe the curves ob- 
tained in a scries of normal sub.iccts by leading in this manner from 
the extremities and from a series of precordial points. An account 
of the curves obtained in the same way when ventricular hypertrophy 
or some other type of cardiac abnormality is present will be given in 
subsequent papers. 

The normal pi’ecordial electrocardiogram has been studied in some 
detail by a number of previous investigators.-"'' All of these 
have employed prccordial loads of the kind introduced by Wolferth 
and Wood,- and the majority have taken leads from a single precordial 
point. The data which they have collected do not furnish adequate 
normal standards for the study of abnormal hearts by the method we 
have used. This study was carried out for tlie purpose of obtaining 
such .standards. 

methods 


Tliirty norninl men (incilifal studonty) varying in age from twenty to tliirty-five 
year.s wore selected for tliis study. None of tliese Iiad ever had symptoms referalde 
to the heart, and none exhibited physical or roentgenographic signs of cardiac ab- 
normality. Teleroentgenograms of the heart and lungs, made by the University 
Health Service, were available in all eases;.! All electrocardiograms were made with 
the subject in the supine position. Two string gsilvanometers recording simulta- 
neou.sly on the same fdin were employed. One of tlicse galvanometers was used in 
the ordinary way; the other was connected to the balanced plate circuit of a .single- 
stage, vacuum-tube amplifier. The former was used to take standard Lead 1 
simultaneously with each of a series of twelve curves recorded by the latter. The 


•Prom the Department of Atodlclne. University of Mlcblcan Medical .c:cbool. 

-iln twenly-nvo the roentRcnoKrams wore taken either .sliortiv after or le^s 

than ton months h. fore the eloctrocardloprapUlc study. In the n-mafnder. with one 
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first three curves of this series were staiulurd Leads I, II, and III. The second 
three curves were obtained by pairing the indifferent central terminal with the 
electrodes on the right arm, left arm, and left leg in succession ; these curves ’ivill be 
referred to as extremity potentials and will be designated by V„, V^, and V^, re- 
spectively. The last six curves were obtained by pairing the central terminal with an 
exploring electrode placed in coiitaci with the following precordial points: the fifth 
rib at the right sternal edge; the fifth rib at the left sternal edge; the fifth inter- 
costal space midway between the left sternal edge and the left midclavieular line; 
the fifth intercostal space in the left midclavieular line; the sixth rib in the left 
anterior axillary line; and the tip of the ensiform process. The curves so obtained 
will be designated by the symbols V„ V„, V3, Y^, Vj, and Vk, respectively. In talcing 
those leads which represent the potential variations of a single point, the connections 
were so made that relative negativity of the electrode paired with the central terminal 
produced an upward deflection in the finished record. In the preeordial curves a 
deflection of 1 cm. represents a potential dift’erenee of 2 millivolts; all other curves 
were taken with the galvanometer at normal sensitivity. 

The contact surface of the electrode used in taking the precordial leads was 
roughly circular, and approximate!}’’ 1 cm. in diameter; this electrode consisted of 
a small piece of sponge soaked in a strong solution of sodium chloride and thrust 
into the lower end of a glass tube where it came in contact with a small zinc plate. 
The skin of the preeordium was prepared by vigorously rubbing it with a pad 
moistened with propanol until erythema appeared. Tlie electrode was held: in con- 
tact with the skin at the desired point by an assistant. 

In six instances the precordial points at which the exploring electrode was placed 
were marked with small squares of metal held in place with adhesive tape, and a 
teleroentgenogram was taken with the subject in the supine position (Fig. 1). 

THE STANDARD ELECTROCARDIOGRAMS AND EXTREMITY POTENTIALS 

Judged by tlie criteria in general use, the majority of the standard 
electrocardiograms are well within normal limits. One subject dis- 
played a QRS interval which measui-ed 0.103 second. Another showed 
a grade of left axis deviation 'rai’ely seen in normal subjects; in this 
instance tiie index determined by the method of White and Bock® was 
21.5, and the electrical axis determined by the method of Carter, 
Richter, and Greene^® made an angle of -22 degrees with the hori- 
zontal. The S deflection measured 0.8 mv. in Lead II and 1.3 mv. 
in Lead III. In eight other electrocai’diograms the voltage of R or 
S, and in one instance the voltage of T, was outside the normal limits 
established by Lewis and Gilder, “ but R exceeded 2.0 mv. in only 
two instances. The minimum, maximum, and mean voltages of the 
Q, R, S, and T deflections are given in Table I. This table also gives 
in each instance the standard deviation and the coefficient of varia- 
tion, which expresses the standard deviation as a percentage of the 
mean. The standai’d deviation is a measure of absolute variability, 
the coefficient of variation a measure of variability in relation to the 
magnitude of the mean. 

The extremity leads Vr, Vl, and Vf were taken in such a way that 
a positive variation in potential is represented by a downward, a nega- 
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live variation by an upward excursion of the string shadow. As in 
the case of the prceordial leads, the individual deflections have, how- 
ever, been labelled as if their directions were reversed; i.e., an initial 
summit is called Q, the inverted peak is called R, and llie summit 
which follows R is called 8. Our reasons for adopting this nomen- 
clature are given in a subsequent paragraph. Tlie extrcjuity leads 
form a connecting link between the standai’d leads, to which they arc 
closely and directly related,' and the preeordial loads. For comparison 
with the latter they are much more useful than the standard leads 
because each represents the potential variations of a single extremity. 



Fig. 1 — TeloroentEcnopram of Subject 24 with mctul marker.'? on chest wall to show 
point.s from which prceordial le.ads were taken. The time of onset of tlie chief up- 
•strokc (HS deflection) in .second.s after tlie carlie.>?l QllS defleclion In standard I>ead 
I was: Vi. 0.023; V;, 0.020; V», 0.019; Vi. 0.019; Vs, O.OIi ; Vj: 0.027. 

Their chief value lies in the relations which they often bring to light 
between tlio deflections of the .standard leads and the corresjionding 
deflections of the prceordial leads. 

In the majority of instances the ventricular complexes of the right, 
arm lead begin with a prominent upright or negative deflection (la- 
belled Q in Figs. 2 and 3 and in Table I). In this rospeei. they differ 
from those obtained from the in-ceordium. An initial downward or 
positive deflection is present in le.ss tiian one-half the eases. The fre- 
quency with which this deflection is absent is probably due to the 
circumstance that the attachment of the right arm to the trunk lies 
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opposite the large vahuilar orifices at the base of tlie heart, so that 
the right arm displays valuations in potential similar to those that 
occur in the ventricular cavities. 

In normal subjects the QES deflections of the left arm are ordinarily 
very small. The algebraic sum of the largest negative and the largest 
positive deflection in this lead maj’- be taken as an index of the grade 



Fig-. 2. — Standard leads (I, II, and III), extremity potentials (Vu, Vl, and Vr), 
and precordial potentials (Vi, Vi, Vs, V4, Vs and Ve) of Subject 19 taken, simulta- 
neously -with standard Lead I (upper string in all curves). Extremity and precordial 
curv^ are labelled as if inverted. Time of onset of chief upstroke (RS deflection) 
IS written on each of the six precordial curves. Tlie latter v,-eve taken with the 
string at half the normal sensitivity (1 miIlivolt=2 cm.). In talting ^1 other curves 
the string was at the normal sensitivity. 


and kind of axis deviation shown bj”^ the standard leads. When multi- 
plied by three, the index so obtained closelj'- apiiroaches in value that 
advocated by White and Bock.® Since the deflection in the left arm 
lead is at all times equal to one-third the deflection in Lead I minus 
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the deflection in Lead III, the reason is obvious, lu our series of cases 
the average index determined by the method of 'Wliite and Bock was 
2.16; tlie average index determined from the left arm lead by the 
method described Avas 1.84. The largest, discrepancy between the two 
methods encountered amounted to 4.1 units (0.41 mv.). 

In general outline the ventricular complexes of the left leg lead 
usually resemble those inscribed in leads froin the left side of the 



Eij,*. 3. — .The .'•■t.'indnrd Ic.'ids (I. II .nrid III) cxtremlly potential.-j (Vj:, Vi. .-inii A'r) 
potentials (Vi. Vj, V3. V<. Vt. and Ve) and Subject 4 taken .^itmiltane- 
^ Ijcad I. Tlie Osurcs -written on the records clve the time of the 

reference to tlie bepinninR- of the earliest venfrlc- 
norLn? ^ curecs -xvcrc taken with the strinp at half the 

normal .sensitivity; the remaining ciir\-o.s with the .string at the noi-mal sensitivity. 


jirecordium ^ and \;). ^\ hen the electrical a.xis jioints toward the 
left leg. the loscmblance is much closer than when the axis is more 
horizontal. hen the standard loads display a conspicuous grade of 
left, axi.s deviation, as in one of our .sub.iccts, the complexes of the leg 
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curve are similar to those obtained from the right side of the pre- 
cordium, and the complexes of the left arm curve are like those ob- 
tained from the left side of the preeordium. 

The minimum, maximum, and mean values of the Q, R, S, and T 
deflections of the right arm, left arm, and left leg leads (Vr, Vl, and 
Vf) are given in Table I. In order to obtain a measure of the resem- 
blance between the left leg curve and the cuiwes obtained from the 
left side of the preeordium, the coefficients of correlation between the 
amplitude of each of the QRS deflections in lead Vf and the amplitude 
of the corresponding deflection in lead V^ were determined. For Q 
this coefficient was 0.518 ± 0.09; for R, 0.428 ± 0.1; and for S, 0.487 
± 0.094.^" While these coefficients do not indicate a high degree of 
correlation, the.y show that there is a definite similarity between the 
QRS deflections of these two leads. 

THE PRECORDIAL ELECTROCARDIOGRAM 

In studying the preeordial electrocardiograms we have confined our 
attention to the form of the ventricular complex. For the purposes 
of measuring the P-R and QRS intervals and of investigating the form 
of the auricular complex, precordial leads do not appear to be more 
useful than the standard leads. 

In general outline the ventricular complexes of preeordial leads 
closelj^ resemble those obtained when the exploring electrode is placed 
directly in contact with the exposed ventricular surface. In normal 
curves the QRS group always displays a con.spicuous downward move- 
ment followed by a sudden upstroke, which ordinarily carries the 
string shadow beyond the baseline. It has been pointed out that this 
sudden upstroke, which is produced by a large negative variation of 
the potential of the exploring electrode, corresponds to the intrinsic 
deflection of direct leads. It signals the arrival of the excitatory 
process at the epieardial surface of that portion of the ventiucular 
wall which lies beneath the exploring electrode. 

In normal curves from the right side of the pi’ecordium the chief 
upstroke occurs early in the QRS interval and usually rises high above 
the baseline. The dowmvard deflection which precedes it is relatively 
small. In noi’mal curves from tlie left side of the preeordium the chief 
upstroke occurs relativelj’’ late in the QRS interval and may or ma.y 
not rise above the baseline. The downward deflection is relatively 
large and is not infrequently preceded b.y a small initial summit. 

The QRS group of a normal preeordial electrocardiogram may, 
therefore, display three distinct apices; a pi’eliminaiy summit, an in- 
verted peak Avhieh marks the onset of the chief upstroke, and a final 

*The correlation coefficient is a pure number which varies from +1 to -1. W'^hen tlie 
relation between two variables is perfect and positive, its value is +1. tViien the re- 
IS perfect but inverse, its value is -1. For calculation of the probable error 
of the correlation coefficient see final note. 
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siunniit -which marks the termination of the cliief upstroke. The in- 
verted peak is always present, hut either or botli summits may be 
absent. 81 mTin<r or slight notching of the chief dctlections is not 
uncommon. 

For the sake of convenience in description it is desirable that the 
different dellections inscribed during the QKS interval in precordial 
leads be designated by letters in the .same manner as is customary in 
the case of the QRS deflections of the standard leads. The use of the 
letters Q, R, and S for this purpose has certain disadvantages but is, 
so it seems to us, preferable to the introduction of an entirely new 
terminology. Since the individual QRS deflections of standard leads 
do not originate in exactly the same -way, and do not necessarily cor- 
respond to those of precordial leads cither in number or in time, any 
method of assigning naiiies to the latter must be arbitrary. The 
method adopted should, if possible, be applicable to abnormal, as well 
as to normal, curves. 

In precordial curves the inverted peak -which marks the onset of the 
chief upstroke is the most constant deflection of the QRS group. 
Since it corresponds in origin to the intrinsic deflection of direct leads, 
its recognition is of great importance. In the case of the standard 
leads it is customary to label a downward deflection “S” when it is 
preceded by an upward deflection, and “Q” when it is not. If we 
follow the same plan in labeling prceordial curves, the name given to 
the deflection in que.stion will depend upon whether it is or is not 
preceded by a small initial summit. Since, however, its origin and its 
significance are the same in eitlier case, we believe that it should al- 
ways be designated by the same symbol. We advocate calling this 
deflection “R.” and naming the summit which usually follows it “S." 
Tlie summit Avhieh sometimes precedes it may then bo called “Q.” 
In .iustification of this pro])osal a few Avords of explanation are de- 
sirable. Some investigators, Groedel'- for instance, liaA'c taken pre- 
cordial curves in such a Avay that relatiA’c iiegativity of the exploring 
electrode is represented in the finished record by a doAviiAvard instead 
of by an uinvard deflection. In conijiarison Avith tlio one A\-e have used 
this method rever.ses the dii-ection of all the deflections. It has a 
number of decided advantages, and it is not unlikely that it Avill 
eventually come into general use. It yields prceordial cuiwe-s in Avhieh 
P and T are normally upright, instead of inverted, and in Avhieh the 
QRS deflections also are very similar in general outline to those of 
the standard loads. It has the further adA'antage that negativity of 
the exploring electrode is repre.sented by a doAviiAvard deflection, 
positivity of this electrode by an upAvard deflection — an arrangement 
Avliich is more conventional than the reverse and Avhieh makes it jios- 
sible to refer to doAvinvard deflections as negative and upAvard deflec- 
tions as positive Avithout danger of being misunderstood. As A\-e liave 
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already indicated, it greatly simplifies llie problem of naming the QRS 
deflections of normal precordial enrves, and permits ns to use the let- 
ters Q, R, and S in exactly the same manner as in the case of the 
standard leads. 

The method of talcing preeordial leads Acdiieh we have used was or- 
iginally adopted in this laboratory in order to emphasize the similarity 
in form between human preeordial curves and the ventricular com- 
plexes of the direct leads employed in animal experiments by Lewis 
and Rothschild.^^ These were so taken that the intrinsic deflection 
was represented by an upstroke. The advantages of reversing the 
polarity of all direct, semidireet, and preeordial leads are, however, 
so great that we believe this policy will eventually be adopted by the 
majoritj". For this reason and in order to avoid introducing a new 
nomenclature, we have labelled the preeordial curves of this article 
as if they were inverted. It seems to us desirable that the individual 
deflections of the ventricular complex in preeordial leads be designated 
by the same letters by all workers, regardless of whether the left- or 
the right-hand electrode is placed in contact witli the precordium, 

THE VOLTAGE OF THE \’EXTlUCULAn DEPLECTIOXS IX PKECOHDIAL LEADS 

The minimum, maximum, and mean voltages of Q, R, S, and T in 
the preeordial leads employed are shown in Table I. An initial sum- 
mit or Q reflection did not occur in the ensifonn lead (Ve) or in either 
of the first two preeordial leads (Vj and Vo) in a single instance. In 
the third preeordial lead (V.,) such a deflection was present only once, 
but in the fourth preeordial lead (V^) it occurred ten times and in the 
fifth preeordial lead (Vn), eleven times. The magnitude of the chief 
deflections, R and S, showed a sort of reciprocal relationship; as the 
exploring electrode was moved over the precordium from right to 
left the former tended to become larger, the latter smaller. The aver- 
age voltage of the R deflection (Table I) inci'eased progressively in 
the first four preeordial leads and was nearly as great in the fifth as 
in the fourth where it was maximal. On tlie other hand, the average 
voltage of the S deflection was nearly as great in the first preeordial 
lead as in the second in which it reached its greatest value. In tlie 
leads taken farther to the left it progTessively decreased. In the 
leads from the left side of the precordium this deflection was some- 
times absent; three times in the third lead, four times in the fourth, 
and twelve times in the fifth. In the ensifonn lead it was absent twice. 

The chief upstroke in preeordial leads begins at the apex of R and 
ends at the apex of S. Its amplitude may be measured directly or may 
be found by adding (without regard to sign) the voltages of these two 
deflections. The figure so obtained gives a better idea of the mag- 
nitude of the potential variations produced by the heartbeat in a 
given lead than does the voltage of the largest QRS deflection meas- 
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ured from the baseline. When Q is lai'ger than S, the QE downstroke 
is larger than the ES upstroke, but the difference is seldom great in 
normal subjects. The latter movement is more abrupt than the former 
and corresponds to the intrinsic deflection of direct leads. Whenever 
possible it has, therefore, seemed preferable to take the height of the 
chief upstroke rather than tlie amplitude of tlie largest excursion of 
the string, regardless of its direction, as a measure of the magnitude 
of the iJotential variations of the explox’ing electrode. 

The minimum, maximum, and mean amplitude of the chief upstroke 
or ES deflection in the various leads employed are given in Table I. 
In the case of the standard leads and of the right- and left-arm leads 
a deflection strietlj' analogous to the intrinsic deflection of direct leads 
was frequently absent or could not be identified. In such eases the 
sum of the largest doAvnward deflection and the largest upward de- 
flection was substituted for the amplitude of the chief upstroke or 
ES deflection. 

It will be seen that the ES deflection is on the average considerably 
larger in the second, third, and fourth precordial leads than in the 
first or fifth or the eusiform lead. For this difference several factors 
may be responsible, but we believe that the distance of the exploring 
electrode from the heart is the most important. There is a striking 
falling off in the amplitude of the ventricular deflections when the 
distance of this electrode from the heart is increased. For this reason 
the amplitude of the chief upstroke is three and one-half or four times 
as large in the midprecordial leads (¥„, V 3 , and .VJ as in the ex- 
tremity leads (Vr, Vl, and Vf) and two or two and one-half times as 
large as the largest excursions of the string seen in the standard leads. 
The large size of the ES deflection in the second, third, and fourth 
precordial lead is probably due, therefore, to the nearness of the ex- 
ploring electrode to the heart's surface. 

The question arises whether there is any relation between the ampli- 
tude of the QES deflections in the precordial leads and the amplitude 
of these deflections in the standard leads. In order to answer this ques- 
tion, we have determined the coefficient which measui'es the correla- 
tion between the magnitude of the ES deflection in the fourth pre- 
cordial lead and the greatest excursion of the string shadow (E plus 
S or E plus Q) in Lead II. For our series of cases this coefficient is 
0.429 + 0,1. We also determined the correlation coefficient for the 
largest ES deflection in any preeordial lead paired with the largest 
excursion of the string in any standard lead; this coefficient is 0.458 
± 0.097. It seems, therefore, that the size of the QES deflections in 
the standard leads and the size of these deflections in the precordial 
leads tend to vary in a parallel manner, but that no very close i‘ela- 
tion exists. 
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Tilo .iunclion of tlie last deflection of the QRS group with the final 
deflection of the ventricular complex (the S-T junction) usually oc- 
curred very close to the baseline, and the voltage that separated it 
from this line was never greater than 0.15 niv. This voltage was 
usually positive; it was negative in only eight instances. The portion 
of the ventricular complex lying between the S-T junction and the 
apex of T was sometimes repre.sented by a straight line, but more often 
by a curve slightly convex toward the baseline. 

In all precordial leads, except the first, the potential of the explor- 
ing electrode during the inscription of T was invariably positive, and, 
in our curves, this deflection was tiierefore downward. In the first 
precordial lead, however, T was ujiright in three instances. The aver- 
age voltage of T was greatest in the second and third precordial leads 
(V„ and V,) and .showed a jn’ogre.ssiA'e decrease in the leads taken 
farther to the left. It was smallest in the first lead (V,). In tabulat- 
ing measurements of tlie T deflection, T-waves which were upright in 
our curves were considered negative and inverted T-waves, jujsitive; 
during the in.scription of the former the potential of the exploring 
electrode was negative; during the inscription of the latter it was 
positive. 

Whether the form of the ventricular complex is more variable in 
precordial than in the standard leads, or vice versa, is a (luestion that 
is difficult to answer. We have attempted to obtain some exact in- 
formation on this point by computing the standard deviations and the 
coefficients of variation of the amplitudes of the various deflections 
in each lead. Tiie standard dcA'iation or root -mean-square deviation 
from the mean is the standard measure of absolute variability, but it 
is not suitable for comparing the variability of quantities which difi'er 
widely in average magnitude or which are measured in difl’erent units. 
To overcome this difficulty statisticians introduced the coefficient of 
variation, wliich expresses the standard deviation as a percentage of 
the mean. It is supposed to measure relative variability and is a pure 
number, and. therefore, not dependent u])on the unit of measurement. 
While it may be a satisfactory measure of relative variability under 
certain conditions, it is wholly unsatisfactory in the present circum- 
stances. 

It is obvious that when the variates may take 7iegative as well as 
]msitivc values, ns in the case of the voltage of the T-wave in certain 
leads, the mean is likely to be absolutely small and may be zero. In 
the latter case tlie coefficient of variation becomes infinite, even though 
the standard deviation is small. A similar situation arisc's when a 
considerable number of the variates are zero. The Q deflection in 
the third jnecordial lead, for example, was absent in twenty-nine in- 
stances out of thirty. The mean amplitude of this deflection was. 
therefore, very small and the coefficient of variation, very largo. We 
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would not ordinarily, however, think of a deflection whieh had the 
same value, in this case zero, in all but one instance as highly variable. 
In all those instances in Avhich the minimum amplitude of the variate 
is zero or negative, the coefficient of variation must be regarded as 
practically meaningless for our present purpose. Wliile its failure 
under these circumstances casts some doubt upon its value in the re- 
maining instances, no more satisfactory measure of relative variability 
is available. 

When the deflections of tlie preeordial leads are compared with the 
corresponding deflections of the standard leads, it will be seen that 
the coefficients of variation are not, as a rule, materially larger in the 
one case than in the other. It should be noted that very bizarre QBS 
groups, such as are frequently seen in standard Lead III, rarely if ever 
occur in preeordial leads in normal .subjects. 

For a few deflections we determined the third and fourth moments 
about the mean and computed the skewness and the excess or measure 
of kurtosis. The .skewness of the distribution was positive in all in- 
.stances, and it was sometimes large; the exee.ss was sometimes nega- 
tive, sometimes positive, and in the latter case occasionally veiy large. 
Because the number of variates in each array is only thirty, however, 
the statistical constants that depend upon the higher moments have a 
very large probable error. We concluded that the information to be 
gained from them would not justify the labor that computing them 
would require. It is clear that the ditference between the mean and 
the maximum amplitude of a given electrocardiographic deflection is 
almost alwaj's considerably greater than the ditference between the 
mean and the minimum amplitude. 

TIjME op onset op the chief upstkoke (rs defeectiox) 

It has ali’eady been pointed out that the chief upstroke or KS deflec- 
tion occurs earlier in leads from the right side of the preeordium than 
in leads from the left side. The interval from the beginning of the 
earliest QRS deflection in Load I to the onset of the chief upstroke 
in each preeordial lead was carefully measured.’^ The minimum, 
maximum, and average values of this interval for each of the six 
preeordial leads employed are given in Table II. The first QKS deflec- 
tion of Lead I does not necessarily occur at the very beginning of the 
QRS inteiwal, nor does it always occupy in different subjects exactlj’’ 
the same position in this interval. For this I'eason the values of the 
interval in question for the different preeordial leads show a eon- 
sidei'able degree of correlation, one with another. When the value 
of this interval in the first was paired with its Auilue in the fifth pre- 
cordial lead, the correlation coefficient was found to be 0.73 ± 0.057. 

V ™easuring machine devised by Captain Elliott and manufactured by the Cam- 

bridg-e Company was used for this purpose. 
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Wljcn the mean value of this interA-al in the first, two preeordial leads 
(Vj and Y.j) Avas paired Avith it.s inean A-alue in the fourth and fifth, 
the correlation coefficient Avas 0.67 ± 0.060. It is clear, therefore, that 
the absolute mag-nitude of the figures giA-en for the different leads are 
much less significant than their relative magnitude. The smallest dif- 
ference in time bet ween the earlie.st and the latest chief upstroke in 
the same subject measured 0.008 second; the largest. 0.03 second. This 
difference in time exceeded 0.025 second in only six instances; its 
mean value for our series of eases Avas O.Ol.OI second. On the average 
the chief upstroke began about 0.016 second earlier in the fir.st tAvo 
precordial leads than in the fourth and fifth (V 4 and Vr,). The aA'cr- 
age figures for the t.AVo leads of the first pair are very much alike, and 
the same is true of the average figures for the tAvo leads of the second 
pair. The average figure for the ensiform lead and that for the third 
preeordial lead have an intermediate A’alue, but the fonner is similar 
to the figures for the first and second preeordial leads AA'hile the lat- 
ter is similar to the figures for the fourth and fifth. 


Tahi.e II 

Timk or Onset of the Chief Upstroke (RS Defeectiox) With Reference to 
THE Eari.if.st Ventricui.ar Defeection of Lead I 


LEAD 

MINIMUM 

SECONDS 

MAXIMUM 

SECONDS 

MEAN- 

SECONDS 

STANDARD 

DEA’IATION 

SECONDS 

coef- 
ficient OF 

VARIATION 
{ PER TENT) 

V, 


0.033 


■OIipsll 

37.0 

V. 


0.030 

0.010:1 


44.0 

V, 

0.013 

0.040 



30.9 

V. 




0.0075 

21.5 

V, 



0.0330 

0.0074 

22.0 

V,: 



0.0240 

0.0104 

41.7 

DifTorcnce botAveen short- 
('st and longest interval 

n.oo.s 

0.030 

0.0104 

0.0057 

20.4 


The reason for this grouping apparently lies in the relation of the 
exploring electrode in its different positions to the anterior surfaces 
of the tAvo ventricles. It has been pointed out in preAUOus papers that 
the ventricular deflections of a giA-en preeordial lead are usually simi- 
lar in general outline to those AA-hich Avould be inscribed in direct leads 
from that portion of the ventricular A\-all that lies beneath the explor- 
ing electrode. It Avould be anticipated that leads from the right side 
of the precordium aa'OuUI sIioav an early chief upstroke corresponding 
to file early intrinsic deflection seen in direct leads from the ventral 
surface of the right, ventricle and that leads from the left side of the 
precordium Avould shoAv a late chief upstroke corresponding to the 
late intrinsic deflection seen in direct leads from the A-en1ral surface 
of the left ventricle. 

In taking a preeordial lead defined by the landmarks of the anterior 
chest Avail, the relation of the preeordial electrode to the tAvo ven- 















938 


THE AaiERICAN HEART JOURNAL 


trieles naturallj’" varies from subject to subject. In six instances tbe 
points wbei-e this electrode was applied were marked by small pieces 
of metal fixed to the chest wall with adhesive tape, and a telei’oent- 
genogram (Pig. 1) was taken with the subject in the supine position, 
in which the electrocardiographic study was made. It was found that 
minor errors in placing the electrodes wei*e sometimes made so that 
they did not always bear exactly the same relation to the bones of the 
thoi’aeie cage. For this reason and because of the ditferenees between 
subjects Avith respect to the height of the diaphragm and the position 
of the heart, the relatiou of the metal markers to tlie boundaries of 
the cardiac shadow sliowed considerable Amriation. In fiA^e of the cases 
studied, the images of the markers corre.sponding to the ensiform lead 
and to the first tliree precordial leads Avere Avholly or partlj^ super- 
imposed upon the cardiac silhouette. In one instance in AA’hich the 
heart shadoAv Avas A’ertieally ijlaced, the marker for the third pre- 
cordial lead fell just outside its left margin. In the case of the sub- 
ject AAdio shcAA-^ed an unusual degree of left axis deviation, the marker 
for the fourth preeordial lead AA'as partly superimposed upon the 
shadoAV of the apex ; in all other instances the fourth and fifth markers 
fell Avell outside the boundaries of the cardiac image. It is not pos- 
sible accurately to mark the position of the atrioventricular or of the 
interA’-eutiueular groove upon the cardiac silhouette. Nevertheless, the 
position of the markers Avith reference to the cardiac shadoAv suggests 
that in taking the first two precordial leads and the ensiform lead the 
exploring electrode Avas usually placed over the light ventricle. The 
fourth and fifth preeordial leads and in most instances the third as 
AA'ell must be regarded as semidirect leads from the surface of the left 
ventricle. In taking the third preeordial lead, more rarely in taking 
the second, the exploring electrode aa'os undoubtedly sometimes placed 
approximatelj’’ OA’-er the interventricular sulcus so that a semidirect 
lead from both A^entricles Avas obtained. 

An x-ray film Avhich sIioaa'-s the relation of tlie markers to the cardiac 
silhouette in one of our subjects is reproduced in Pig. 1. The figures 
AAdiieh define the position of tlie chief upstroke in each lead are given 
in the legend. In the first tAvo preeordial leads and in the ensiform 
lead this upstroke began approximately 0.03 second after the first ven- 
tricular deflection in Lead I, Avhile in the last three preeordial leads 
(^ 3 > ^^ 4 ) aiid Vg) it began approximately 0.05 second later. 

When the exploring electrode AAms moved OA'er the precordium from 
right to left, the change from an early to a late chief upstroke was 
often abrupt. In tAventy-three of the thirty subjects examined, the 
first late chief upstroke occurred in the third preeordial lead; in tAVo 
eases it occurred in the second and in fiA’^e cases in the fourth. When 
the chief upstroke Avas distinctly notclied, it AAms usually found that 
the notch Avas simultaneous or nearly simultaneous Avith the onset 
of the chief upstroke in leads taken fai-ther to the left. Notches that 
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oceurrod before the onset of the chief upstroke were usuuUy simul- 
taneous with the onset of the eliief upstroke in leads taken farther to 
the I'iyht. Tills su<rgests that, in prccordial leads at least, notches are 
fref|uenl!y produced by the difiercnce in time between the activation 
of the right and the activation of the left ventricular surface. 
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12 
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0 

Vn 

0 

(oniitto(l)i 0 


0 

- 
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Totals 

30 

30 

30 

21 

0 

0 

7 


Jn Table 111 the first eolunin gives the number of times each pre- 
cordial lead was the load farthest to the right in which the chief up- 
stroke occurred late and apjiroximately at the same time as in leads 
taken more to the loft. The second column gives the number of times 
that each lead was the lead farthest to the right in which the positive 
deflection R was larger than the negative deflection S. The ensiform 
lead is here omitted from consideration. In normal sub.iects this lead 
is not a particularly favorable one; tbc QR8 deflections are usually 
.small, and in many instances R is larger than S when the opposite is 
true in other leads from the right side of the precordinm. The third 
column gives the number of instances in which the chief upstroke 
reached its maximal amplitude in each lead. The last four columns 
sliow the number of instances in which each two and all three of the 
characteristics in question occurred together in each lead. It will be 
seen that there was a definite tendency for the first late upstroke to 
occur in the first lead in which R was larger than S. but no particular 
tendency for the first late chief uj)sfroke to exceed tlie others in am- 
plitude. 

SUMMAKY 

Tsing a method wliicli makes it possible to oijtain electrocardiograms 
that, repre.sent the potential variations of a .-ingle electrode, a study of 
thirty normal subjects was carried out. The three standard leads and 
nine special leads were each taken simultaiienusly with Lead I. TJirce 
of the special leads recorded the potential variations of the right arm. 
left arm. and left leg. respectively; the others re-orded the potential 
variations of a series of six prccordial points. 
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The special curves were taken in such a way that negativity of the 
exploring electrode, placed upon one of the extremities or upon the 
precordium, produced an upward deflection in the completed record. 
It is, however, pointed out that seA^eral advantages might be gained by 
making the connections in the opposite way. For this reason, and to 
avoid introducing a new nomenclature, our special leads have been 
labelled as if the direction of the deflections were reversed. 

In precordial leads the QES group may normally show three dis- 
tinct apices, which for convenience in description may be called “Q,” 
“R,’' and “S.” The R peak, which represents a positive variation in 
the potential of the exploring electrode and is therefore inverted in 
our records, is ahvaj'^s present. This peak marks the beginning of a 
large and rapid excursion of the string which corresponds to the in- 
trinsic deflection of direct leads from the ventricular surface. In leads 
from the right side of the precordium R is smaller and, on the average, 
reaches its apex about 0.02 second earlier than in leads from the left 
side.. This indicates that, as a whole, the epicardial surface of the 
ventral wall of the right ventricle is activated earlier than the corre- 
sponding surface of the left. 

In our records Q and S are both summits. The former is always 
small in normal subjects and occurs onlj" in leads from the left side 
of the precordium. The latter is larger on the right side of the pre- 
cordium than on the left where it may be absent. When the exploring 
electrode is placed at or to the left of the sternal edge, its potential 
is invariablj’’ positive during the inscription of the T deflection. When 
the exploring electrode is placed to the right of the midline, the direc- 
tion of T is variable. 

The leads which represent the potential variations of the extremities 
are related both to the standard leads and to pi’eeordial leads and are 
useful in comparing the one with the other. When the standard leads 
are of the normal tjToe, the left leg curve usually resembles those ob- 
tained from the left side of the precordium, and the deflections of the 
left arm curv^e are small. 

The authors wish to express their appreciation to Dr. Prank N. Wilson for Ids 
help, particularly in the preparation of the paper. 

Note. — The probable errors of the correlation coefficients given in this article 
were obtained by application of the formula 

1 - rs 

P.E.r = ±0.6745 - ■ 

V N 

in which A’’ is number of A-ariates and r the coefficient of correlation. In the present 
instance A" equals 30. The probable error of the mean values given may be ob- 
tained by the formula 

„ 0.6745 tr 

P.E. of mean = ± - 

V N 

in which <r is the standard deviation. 

(See Pearl, Medical BioTnetry and Statistics, ed. 2, Philadelphia, 1930, W. B. 
Saunders Co.) 
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ELECTROCARDIOCJKAPHIC AJSNORMALITIES 
CHARACTERISTIC OP CERTAIN CASES OF 
ARTERIAL HYPERTENSION-'- 

H. E. RyidsRT, M.D.jt and J. Hepburn, M.B. 

Toronto, Canada 

I N THE course of an hivestigation into tlic serial clectroeardiograpliic 
changes follo^Ying• upon acute coronaiy occlusion, one of us (H. E. R.) 
found a number of eases sho-\ving abnormalities of the ventricular com- 
plexes (QRST) of an unusual type. In certain re.s])ccts the abnormali- 
ties observed in the records of these cases simulated, and in other respects 
differed from the typical electrocardiographic clianges found in myo- 
cardial infarction. Further, it was found tlint witliout exception all 
of these atypical records showed an identical type of electrocardiographic 
abnoianality. On examining the histories of tliis small group of patients, 
it appeared that a diagnosis of coronary throm])osis had, in each case, 
been made largely on tliis electrocardiographic abnormality and that the 
clinical histories, while in some cases suggestive, in practically all gave 
but inconclusive support to tliat diagnosis. Attention was further at- 
tracted to these patients when it was obseiwed that all had arterial 
hypertension at the time when these electrocardiographic records were 
made. In view of these observations, it seemed desirable to dift'erentiate 
the electrocardiographic changes observed from the typical changes of 
eoronaiy thrombosis and also to determine by means of clinical study 
the nature of the relationship, if any, of the electroeardiographic changes 
to coronary thrombosis and to arterial hypertension. 

CHANGES OP VENTRICULAR COJIPLEX 

In Figs. 1 to 10, electrocardiograms of the type to bo discussed are 
shomi. These records which exliibit almost identical features were 
obtained from ten different patients Avho were selected at random from 
the 143 cases upon which the clinical study is based. The distinctive 
features of these curves may be described as follows : 

The T-wave in the first lead is always a negative deflection and 
is of the so-called coronary type, being .shouldered and having a sharp 
apex angle. In the third lead the T-Avave invaiiably presents the re- 
verse appearance to that of T^: it is ahvays a positive deflection, and 
in the majority of our records the amiilitude of T- is abnormally in- 

“XO’om the Depai'tment of jMeiUcine, University of Toronto and Toronto General 
Hospital. 

tAlexander McPliedran Re.search Fellow in Clinical Medicine. 
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FiK. 1. — Csisc 2fi, Thrcv usunl lcn<ls. lilood ISn/UO. ; chronic 

inyocnrdllis, dcKononitivc : niiginix pectoris ; cardiac liypeiTrophy, 

Fig. 2. — Case SH. Leads T, II, and III. Blooil pre.ssiire 200/110. Dingno.si.s : 
malignant hypertension; clironlc inyoe.ardltls. dog<>noratlvf; ; cardiac Itypertroplxy. 



Fig. 0— Cas" ir,.'.. Klood piissiire 210/120. Ihagnosis; chronic mvocardlli- de- 
generative; cardiac hypertropliy ; canitac In^nfllciency. 

I'ig. I.~Ua.‘;e in;i. Blood prc.s.=Hre, 221/12S. Diagnosis; clironlc invocardllis. de. 
generative; cardiac liypertropliy ; chronic ncpliiitls. 




944 


THE AMERICAN HEART JOURNAL 


creased. The T-wave in Lead II may be a positive, diphasic, or negative 
deflection. When negative, To- maj'- resemble in contour. 

In addition to the T-wave abnormalities, these records show a char- 
acteristic tjTpe of alteration of that segment of the isoelectric line which 
lies between the B- or S-Avaves and the T-Avave — ^the RT or ST segment. 
In Lead I the RT segment in this type of record is constantly displaced 
beloAv the level of the isoelectric line. ' This disiilaeement is not less than 
1 mm. and is seldom greater than 2.5 mm. It is never so marked as may 
be the early RT dcAdation in the tjTiical T^ or T 3 type of tracings of 
coronary thrombosis. In the third lead the RT or ST interval is, in the 



Pig. 5. Pig. 6. 


Pig. 5. — Case 29. Blood pressure 20G/120. Diagnosis : chronic myocarditis, de- 
generative ; cardiac hypertropliy ; angina pectoris. 

Pig. G. — Case 84. Usual leads. Blood pressure 240/140, 190/140. Diagnosis: 
malignant hypertension ; chronic myocarditis, degenerati\’e ; cardiac liypertrophy : 
hemiplegia. 


majority of records, elevated above the isoelectric potential. Rarely, 
hoAvever, as in Pigs. 1 and 2, the RT segment in the third lead may 
appear to be almost isoelectric. In Lead II the RT interval may be 
isoelectric or may exhibit a variable abnormality. Abnoiinal left axis 
deviation of marked degree is present in all records of this type. The 
maximum positwe deflection occurs in the first, and the maximum nega- 
tiA’^e deflection in the third lead of these eleetroeai’diograms. In the 
greater number of these records the Amltage of the QRS complexes in 
Leads I and III Avas materially increased, and in none Avas a voltage 
of less than 1 millivolt observed. 
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I'lP- Klg-. S. 


iiivnfvTlviitit Vl'cssuvc 180/Uq. Diagnosis: chronic nephritis: chronic 

in>ocuulltls, dogenoratlvo ; cardiac hypertrophy; uremia. 

pres.surc 280/11 C. Diagnosis: Intermittent claudication; 
eatdiac hj pertrophy ; chronic inyocardlths, degenerative. 





. ^ ??■ I- 11. 'ind IIT. showing similar tvp.> of change 

nnrmnl Wood pivssure who h.ad -•-■clerotlc aortic Ptenosls I^ocUoc 
typo wore r.irdy ohscrav,! in ti,e .abs.-nco ct iiypert.-nsion. 


in a patient with 
ocardlograin.* of thD 
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Intraventricular conduction time, as estimated by the width of the 
QRS base, never measures more than 0.10 second and in most electro- 
cardiograms measures less than 0.08 second. Intraventricular conduc- 
tion defects, therefore, can be definitely excluded, and the presence in 
these records of abnormal RT deviation and T-wave deflcctiou cannot be 
explained on the basis of a branch-bundle lesion. 

COMPARISON OF ELECTROCARDIOGRAMS SHOWING CHANGES DESCRIBED WITH 
TYPICAL ELECTROCARDIOGRAMS OP MYOCARDIAL INFARCTION 

The three electrocardiograms shouur in Pig. IIA were obtained from a 
patient who had arterial hypertension, degenerative heart disease, and 
intermittent claudication. The first of these three electrocardiograms 
was taken upon the entrj^ of the patient into hospital; the second was 
taken two months later; and the third two years later. These three 
records are identical and present the abnormal features under discussion. 
The electrocardiograms in Pig. IIB were taken from a patient who 
had the typical clinical syndrome of acute coronaiy occlusion. They 
present the characteristic electrocardiographic abnormalities of coronaiy 
thrombosis of the Ti type. These records were obtained three hours, ten 
days, and three months, respectively, after the onset of the substernai 
pain. Upon comparing these two series of records (Pigs. IIA and IIB), it 
will be observed that the late T-wave changes in coronary thrombosis 
simulate in certain respects the T-wave changes in the records from the 
hypertension patient. In both, the T-wave in Lead I is a sharply negative, 
shouldered deflection, while in Lead III the T-wave is a positive deflec- 
tion of increased amplitude. In other respects, however, these two 
series of electrocardiograms are entirely dissimilar. Although taken 
at intervals of many months, the records obtained from the hypertension 
patient shoiv no signifleant alteration of the ventricular complexes. In 
this regard these three electrocardiograms (Pig. IIA) differ markedly 
from those obtained from the patient M'ho had myocardial infarction. 
The latter are characterized by the occurrence of a rapid sequence of 
changes in the ventricular complexes (QRST). The RS-T displacement 
in these, as in the typical early records of coi’onary thrombosis is an 
evanescent abnormality. As was demonstrated by Parkinson and Bed- 
ford,^ the displacement of the RS-T segment may occur within a few 
hours of myocardial infarction. This may persist for a variable period, 
but in the average ease the RT inteiwal returns to isoelectric potential 
within fourteen to twenty-one days. In this respect the electrocardio- 
grams of myocardial infarction are entirely unlike those derived from 
our series of hypertensive patients. As may be observed from Pig. IIA, 
the RS-T change which was present in Leads I and III of the initial 
record persisted and remained unaltered in subsequent records. This 
has been a constant and characteristic finding. Furthermore, the rcla- 
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Fig:. 11-1. 



Fip. 11/;, 


lioiisliip of tlie R.S-T displnecinent to the T-ivavc deflection difToi-s in 
tliose two series of elect rocardio"raTns. In coronary tlirombosis the K-S- 
T deviation in Leads I and III occurs in a direction opposite to the 
T-wave deflection which dcvcloiis later. Thus, in the Tj type of record 
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the early upward displacement of the RT interval in Lead I is followed 
by an inversion of the T-wavc in that lead. The reverse of this relation- 
ship of the RS-T segment to the T-wave is found in the records under 
discussion. The direction of the displacement of the R-S-T segment in 
Leads I and III (Figs. 1 to 10 and Fig. 11 A) conforms to the direction 
of the T-wave deflection so that in Lead I the RS-T segment takes oF 
below the isoelectric potential and T^ is a negative deflection, while in 
Lead III the RS-T interval is elevated above the isoelectric potential 
and Tg is a positive deflcctioii. 

Another distinguishing feature of the electrocardiograms of this groi;p 
of hypertensive patients is to be found in the T-wave deflection. In 
coronary thrombosis during the Iavo to three Avecks folloAving the onset 
of the typical symptoms, the T-AvaA'c in Lead I or Lead III, depending 
upon the type, rapidly changes in form and amplitude. This T-Avave 
change after a variable time may become stationary and persist in- 
definitely, or it may regress and eventually the electrocardiograms may 
return to normal. No such change iii the form of the T-Avaves has been 
observed in the type of record under discussion. From a preliminaiy 
study, it Avould appear that AA’hcn once established the T-Avave and the 
RS-T defects described persist and remain unaltered until the death of 
the patient. 

In part, the above combination of electrocardiographic defects has 
been described by Luten and GroA'e- in relation to hypei'tension. These 
observers, selecting electrocardiograms shoAAdng left axis dcA’iation, T^ 
negative, T. positive, and QRS of normal Avidth, found that "in 70 per 
cent of 237 eases a reading at least as high as 370 mm. Hg had been 
recoi’ded." Also, in a somcAvhat similar study Master^ recorded the 
frequency of T-Avave negativity, left axis deviation, and high Amltage in 
electrocardiograms obtained from hj'pertensive patients. In Jieither of 
these reports, hoAA'ever, Avere alterations of the RT segment commented 
upon although in Fig. 2 of Luten and Grove electrocardiograms 1 and 
3 shoAV the significant changes in the RT segment here described. 

CASES STUDIED 

The present study Aims undertaken in order to determine the clinical 
interpretation of the unusual modification of the ventricular complexes 
referred to above. All electrocardiographic records taken at the Toronto 
General Hospital from 1921 to the end of 1932 Avei-e reAdcAved, and 152 out 
of a total of approximately 7,000 patients suffering from all forms of heart 
disease Avere found to have shoAAui electrocardiogi’aphie changes conform- 
ing Avith the type described. The clinical histories of these patients, to- 
gether Avith aAmilable autopsy data, Avei’e then reviewed. Those patients 
Avho had been discharged from hospital AA'ere folloAved through the out- 
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paliont clinic, and ])atien1.s knowi to be alive wore brought back to 
hospital for further examination. In nine of the 152 cases many details 
of the history and jiliysical examination vere lacking. Therefore the.se 
cases were exclnded and thi.s report is based upon a study of the remain- 
ing 143 cases. 

symuto.m.s 

It was found that cardiac .sym])toins ])rcdominated in this grouj) of 
cases. Detailed histories were obtained in 126 of the 143 cases. In 05 
the chief com])laints were referable to the heart, and in only 5 of the 
12G cases was a history of cardiac .symjitoms not obtained. Dy.sjmea 
on exertion, usually of long duration and of increasing severity, was 
the outstanding symptom and was prc.sent in IIS of the 126 cases. Lc.ss 
freijnent was dyspnea of a nocturnal or paroxysmal type, wliieh was 
obscn'cd in but 10 cases, hidema of the legs was reported in 60 eases. 
In 16 cases a history of a prolonged attack of substernal, jirccordial, or 
eiiigastric pain justified a diagno.sis of coronary thrombosis, and in 2 of 
the 16 cases this diagnosis was jirovcd to be correct by a post-mortem 
examination. Typical attacks of angina pectoris occurred in 28 patients, 
(’erebral symptoms, such as vertigo, irritability, loss of memory and 
insomnia, were common, being present in 74 of the 126 cases. Cerebral 
accidents, cither hemorrhage or thrombosis, occurred in 20 eas(‘s. Urinary 
s.vmptoms were rarely complained of although a history of nycturia 
was obtained in 62 cases. 


AGK Axn sicx 


The average age of all patients was 55.8 years, 86 being males and 
57 females. In Table I the cases arc divided into age groups according 
to the presence or absence of hy])erlcnsion. From Table I it will be 
noted that this electrocardiographic abnormality was of rare occuiTcncc 
in patients under the age of forty years and was most frequently present 
in patients who had readied the sixth and seventh decades of life. Of 
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6 patients under forty years of age who had hypertension. 4 had chronic 
nephritis, and 2 had malignant hypertension. None of tlie 6 had endo- 
cnrdial disea.se. The.se are to be compared with the 6 ])atients under 
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forty years of age Avho did not have hypertension. All 6 had aortic 
insufficiency, Avhich was associated in 4 cases with aortic stenosis and 
in 2 cases with mitral stenosis. 

CLINICAL findings 

The remarkably high incidence of arterial hypertension among these 
patients was the important finding of the present study. Of 143 patients 
in the series, 124 (86.7 per cent) had arterial hypertension at the time 
the electrocardiographic records were obtained. In Table II the systolic 
and diastolic blood pressures of the hypertensive cases arc recorded. 
These observations, in the majority of eases, were made while the pa- 
tients were at rest in bed in the hospital. For the purposes of this study 
the patient who had a systolic blood pressure of 160 mm. Hg, or higher, 
was considered to have arterial hypertension. As will be seen from Table 
II, 83 (58.0 per cent of the whole series) had a systolic pressure of 
200 mm. Hg, or over, and in 41 cases (28.7 per cent) the systolic pres- 
sure varied between 160 and 200 mm. Hg. The diastolic pressure read- 
ings were correspondingly high. In 67 cases (46.8 per cent) the 
diastolic pressure was found to be above 120 mm. Hg; in 40 eases (27.9 
per cent) it was between 100 and 120 mm. Hg; and in only 17 cases was 
the diastolic pressure recorded below 100 mm. Hg. 

In 19 of the 143 eases (13.3 per cent) the systolic pressure was found 
to be below 160 mm. Hg. In 7 of these 19 cases a systolic blood pressure 
of 150 mm. Hg was recorded on at least one occasion. In the remainder 
the systolic blood pressure varied between 100 and 142 mm. Hg. One 
patient who had aortic stenosis had on one examination a blood pressure 
of 130/110. Other readings on the same patient were 120/80 and 
100/80, respectively. Three of these 19 patients had a diastolic pressure 
of 90 mm. Hg, and in the remainder the diastolic pressures were below 
this figure. 

Table II 


SYSTOLIC 

BLOOD PKESSURE 

MM. no 

NUMBER OF 

CASES 

DIASTOLIC 

BLOOD PRESSURE 
MM. HG 

NUMBER OF 
CASES 

2.50-300 

19 

Over 160 

5 

225-249 

17 

140-159 

22 

200-224 

47 

120-139 

40 

180-199 

31 

100-119 


160-179 

10 

Less than 100 

17 

Number of cases 



124 

Number of cases 

witb normal blood 

pressure 

19 

Total number of 

cases 


143 


In all patients a diagnosis of myocardial disease was made. As was 
to be expected from the advanced age of the group as a whole, the inci- 
dence of degenerative heart disease was naturally high. Of the 143 
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I)i\tients sUidied in the series, 126 (S8 per cent) luul ehronie dei^cneru- 
live heart disease. Eight palicnis Ijad degenerative niyoeardial disease 
Avliieli was eonsidered to be secondaiy to syj)hilitie aortic disease. 
CJironic rheinnatic myocarditis was ])resent in 11 eas(‘s and was com- 
plicated in 2 by subacute bacterial endocarditis. Seven of the 11 cases 
of rheumatic heart disea.se did not liave hypertension. The size of the 
heart was determined accurately in S3 ca.ses by means of oiihodiagrams 
and in the remainder was determined by percussion. When only the 
83 cases in which orthodiagranns were made are considered, moderate 
to marked cardiac enlargement was pre.sent in 73, and enlargement of 
slight degree was present in the other 10.^ 

Objective evidence of cardiac in.suffieiency, i.e., rales at the lung base, 
enlargement of the liver, and deiiendcnt edema, was found in 82 cases 
and was more often of moderate than of marked degree. It was prob- 
ably related to paroxy.smal or e.stablishcd auricular fibrillation in 18 
of the 82 cases. In the remainder, congestive failure oecured with a 
normal heart rhythm. A diagnosis of endocardial disease was made in 
29 of the 143 patients. It was found in 1 1 of the 19 jiatients (57.8 ])er 
cent) whose .systolic blood pressure was below 160 mm. Hg and in only 
IS of 124 jiatients (14.5 per cent) with hypertension. It is noteworthy 
that aortic valve disease, cither alone or combined with mitral lesions, 
occurred in 27 of the 29 patients who were found to have endocardial 
disease. Aortic insufficiency alone occurred in 11 jiatients; pure aortic 
stenosis in 6; combined aortic stenosis and insufficiency in 5, and aortic 
disease, cither stenosis or insufficiency, was combined with mitral stenosis 
in 5. The remaining 2 of the 29 patients, both of whom had hyper- 
tension, had mitral stenosis. 

Seventeen of the 19 nonhypertensive cases had congestive failure, and 
11 of the 19 had aortic valvular disea.se. Of the remaining 8 nonhyiier- 
tensive case.s in which vahmlar lesions were absent, 3 had angina pectoris 
and 2 had angina jiectoris and coronary thrombo.sis. Post-mortem exam- 
ination was done in 1 of these 8 cases and revealed marked left ven- 
tricular hypertrojiliy unexplained by endocardial or pericardial disease. 
Further, orthodiagrams made on 4 of the remaining 7 eiuscs all showed 
marked enlargomenl of the left ventriele. It is, therefore, probable that 
in 1he.se ca.ses, as in tlie ease that came to post-mortem, there had been 
preexisting hypertension. 


nO.ST-.MORTKM rixiUNos 

A complete jinst -mortem examinaliou was made in 20 of the 143 cases. 
The average weight of thi‘ heart in 16 ca.ses of hypertension was 5S7 
gm. In 14 of the 16 hyiiertension eases the heart weighed over 450 gm.. 
and in the remaining 2 the heart weighed 380 and 390 mn.. resjiectively. 

•Til.'.*!.' nnurf.-; aiv Ra.'-.-d upon tlio .-i.c.-sumpUon Unit tlio uiijKr normal limit of the 
rnr»l!t>lluir:\clc ratSo r*7 Jmt 
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The first of these 2 cases was a female, aged forty years, who had a 
basophilic adenoma of the pituitary gland, and the second was a male, 
aged forty-six years, who had chronic nephritis and uremia. In both 
cases a marked elevation of systolic and diastolic pressures had been 
repeatedly recorded. In 4 of the 20 eases examined post mortem the- 
blood pressures had been found to be within normal limits while the 
patients were under observation. The weight of the heart in these four 
cases was 600, 885, 995, and 640 gm., respectively. The first 2 of these 
4 patients had aortic stenosis of sclerotic origin. The third had rheu- 
matic heart disease, aortic stenosis, aortic insufficiency, mitral stenosis, 
and chronic adhesive pericarditis. In the fouidh case no endocardial 
or pericardial lesion was present which could account for the marked 
increase in the weight of the heart. In this, as in the other 3 cases, 
the left ventricle was hypertrophied. Preexistent hypertension was, 
therefore, likely in this case. 

In the 2 cases of hypertension in which the heart weighed less than 
400 gm., the left ventricle was moderately hypertrophied and measured 
2 cm. in thielniess. In the other 18 eases, hypertrophy of the left ven- 
tricle was marked, and the inci’ease in the weight of the heart was due 
to a disproportionate increase in the weight of the left ventricle. 

In 2 cases the coronaiy arteries were normal. In 8 cases the patho- 
logical changes in the coronary arteries were restricted to a few macro- 
scopic atheromatous intimal streaks, the lumina of the vessels being 
widely patent. Five eases showed moderate arteriosclerosis and 
atheroma, and in 3 these changes were of advanced degree, accompanied 
by stenosis and calcification of the vessels. Actual occlusion of the arteiy 
by thrombus occurred in 2 of the latter cases. In 1 ease old organized 
thrombi were found in the left circumflex and in the right descending 
coronary arteries; and in the other, a fresh dark red thrombus occluded 
the right coronarj'- artery at a point of stenosis. In the first instance 
coronary thrombosis occurred before, and in the second ease after, the 
significant electrocardiograms were taken. The myocardial lesions were 
variable and were lacking in any semblance of uniformity, and it was 
noteworthy that in 4 cases there were no demonstrable myocardial 
changes aside from hypertrophy of individual muscle fibers. 

FOLLOW-UP STUDY 

A follow-up study of these eases Avas made in order to determine the 
possible prognostic significance of these electrocardiographic changes. 
This study, as has been stated, covers a period of approximately twelve 
years and includes many recent cases. The duration of life has in all 
cases been estimated from the date upon which initial electrocardio- 
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frnipliic records of tlic type described were obtained. The cases witii 
normal blood jiressure and Avilh hy])ertension have been dealt with 
•seiiarately. 

First, of the 324 patients with byjiertension, 20 conld not bo traced. 
Of the reinainin<r 304 patients. 61 bad died. The duration of life 
from the time of the first observation in 54 averaged 8.3 months 
and in the remaining 7, all of whom were known to be dead, the 
duration of life could not be ascertained. Forty-three patients 
with hypertension are still liA’ing, and at the time of writing the 
average duration of life of these patients was 17.1 months. The 
aiiparcnt diserejiancy in these two average figures for living and dead 
jiatients is due to the fact that included with the latter are 4 patients 
who are still alive three, five and a half, .seven, and eight and a half 
years, respectively, after the electrocardiographic record Avas obtained. 
If the.se 4 patients are excluded, the aA'crage duration of life for the 
living is reduced to 11.6 months. 

In the smaller grouj) Avith normal blood pressure, someAvhat similar re- 
sults Avere obtained. Of the 19 cases. 7 could not be traced. Fight 
of the remainder are dead, the aA-erago duration of life being 6.6 
months. Four are still living, aA-erage duration of life being 39.5 
months and the maximum being nine and a half years. Thus, of 109 
liatients accurately traced. 62 are dead; this gives an average mor- 
tality of 56.8 per cent in 7.9 months. There is. therefore, no doubt 
as to the seriousness of the prognosis in patients shoAving this eleetro- 
cardiogra])hic abnormal it.A'. 


SUMMARY 

It has been shoAvn that electrocardiograms Avhich exhibit, the mnlti])le 
abnonnalities described differ from electrocardiograms of the T, ty])e 
of coronary thrombosis. HoAA-eA-cr, 36 of the 143 patients Avhosc eases 
Avere reviewed had coronary thrombosis. In all 16 eases electrocardio- 
grams shoAved the type of abnormality here recorded, and in none Avas 
the changing electrocardiographic picture of myocardial infarction found. 
Since 14 of these 16 patients had hyiiertension. the jiossibility must be 
kept in mind that antecedent or existing hypeilen.sion Avas the factor 
re.sponsible for these abnormalities rather than cardiac infarction. 

It has been found that arterial hypertension Avas ])resent in 124 of the 
143 patients and that 11 of the remaining 19 patients had aortic A-alvular 
disease; from the evidence aA'ailable iireexistent hyjK.*rtension AA-as jirob- 
able in at least 5 of the other 8 ea.'^e.s. Thus, in those ca.sos there Avas 
present one or other of the tAvo most important factors Avhieh determine 
hypertro]ihy of the left ventricle. Tn addition, it Avas found that left 
ventricular hypertroifiiy Avas ]>re.sent in all ea.ses examined post mortem. 
It Avould seem justifiable, therefore, to conclude that these distinctive 
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electrocardiographic abnormalities were characteristic of certain eases of 
left ventrienlar hypertrophy and, since arterial hypertension was by 
far the most frequent determining cause of that hypertrophy, that these 
electrocardiographic changes practically diagnostic of hyperten- 
sion. Further investigation regarding the relationship of these electro- 
cardiographic abnormalities to left ventricular hypertropliy and to 
iiypertension is in progress and will be reported upon later.® 
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MORTALITY RATES OF ORGANIC DISEASES OF THE HEART 
RY GEOGRAPHICAL AREAS IN THE UNITED STATES^' 


C. C. Dauer, M.D. 

New OnEEAXs, La. 

T he usual practice has heeu to ])re.seni crude death rates of or- 
franic diseases of the heart by states or otlicr subdivisions of the 
country, or to present data on the a{re-specific death rates for a few 
states or cites. This study Avas undertaken to determine what diiier- 
cnces in mortality, if any, have existed in various ages among a large 
group of states. It Avill be seen later that a fair sample from all sec- 
tions of the United States has been included in the group of thirty-six 
states studied. 

All the data on mortality in this report have been taken from the 
Mortality Statistics reports of the United States Bureau of Census. 
Estimates of population have been made from the 1920 and 1930 
census reports of the Bureau. The study was limited to the years 1922 
to 1929, inclusive, because previous to 1922 deaths after thirty years 
of age were tabiilated difi'erently by age groups. The data for 1930, 
although available before this study was completed. Averc not included 
because doing so Avould have made little dill'erence in the means of the 
caleulnted rales. Only data for states included in the death regis- 
tration area in 1922 Avcrc used. Instead of a presentation of a large 
number of tabulations for each year for the thirty-six states, the mean 
or average rate for Iavo four-year periods Avas used (1922-1925 and 
1926-1929). This tended to smooth out fluctuations Avhich Avere bound 
to arise from year to year Avhen dealing Avith small groups of popula- 
tions, as Avas the ease in certain of the less populated slates. 

In this study only organic diseases of the heart have been included. 
In the classification used by the Bureau of Census in the Mortality 
Statistics I’oports from 1922 to 1929, deaths from organic diseases are 
to be found under four headings : (87) pericarditis, (88) endocarditis 
and myocarditis (acute), (89) agina pectoris, and (90) other diseases 
of the heart. The total number of deaths for each age listed under 
the four headings have been used in making the calculations for each 
group. 

The states avIiosc rates are tabulated in Tables I and II haA'e been 
arrajiged in groups according to their geograjdiical location, folloAv- 
ing much the same order Avhieh has been used by the BureaAi of Census 
and the United States Pidilie Health Service in various reports. This 

•lYAin r)»'pnTtTn<-ni of I'rpvvntivo MMlIcino, Tlu* Tiilniu- of 

School of ‘ . 
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was clone in order that a compai'ison of mortality rates for a whole 
group of states in. the same geographical area might be made with 
other groups rather than a comparison of single states. 

It was impossible to find a suitable standard with which individual 
states or groups of states could be compared. If the rates were cal- 
culated for the entire registration area they were heavily weighted by 
the large populations and large numbers of deaths from the North- 
eastern states. If the mean or average of the I'ates was taken for the 
thirty-six states, the rates of the states Avith small populations or those 
Avith feAV deaths caused the result to be Ioav and equally unsatisfactory. 
It appears that a comparison of one group of states Avith another is 
most satisfactory. 

It Avill be noted in Table I that mortality rates per 100,000 popula- 
tion have been tabulated for age groups under thirty years, and in 
Table II for the groups over thirty years and the crude rate for all 
ages. In discussing the data contained in these tables the mortality 
in the younger ages Avill be considei’ed, then that of the older age 
groups and the crude rate. By so doing one can consider more readily 
organic diseases of the heart due to rheumatic and other acute infec- 
tions among the young, and the degenerative forms Avhich are limited 
to the older ages. The part that syphilis, also an infectious disease, 
plays in the mortality of middle life cannot be separated from that 
of the degenerative forms of heart disease in the data for the Avhite 
race. Its effects seem someAvhat more apparent in the data for the 
negro. 

Numerous surveys have established the fact that rheumatic infec- 
tions have accounted for most of the cases of organic diseases of the 
heart in the younger ages (under thirty years). If this assumption 
is true for all parts of the United States, a study of the mortality in 
the younger age groups for each state then should ghm us some indica- 
tion of the prcAmlenee of rheumatic infections in different sections of 
the countrj'-. 

In Table I it is evident that thei-e are certain sections of the United 
States Avhere mortality rates due to organic diseases of the heai’t are 
much higher than others in the younger age groups. Comparattyely 
high rates haAm prcAmiled in the states bordering on the Atlantic Coast' 
from Maryland to Massachusetts, in tAvo North Central states and in 
the Mountain states. The mortality under thirty years of age in these 
states is consistently above that of other areas. 'With the exception of 
the Mountain states this is not sirrprising. 

Although Arizona and Ncav Mexico Avere not included in the tabu- 
lations because they Avere not in the death registration area until 
recently, the available data indicate that their mortality for the group 
under ten years has been slightly under the general average for the 
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otlior stales in the Roeky Illounlain rcfrion but equally high for llio 
age groups J'roiii ten to twenty-nine years. Why the Mountain stales 
should have a high mortality is not clear, but the consistently high 
rates of these states seem to be fairly good statistical evidence that 
this relatively high mortality is of some significance. 

It has been shown by a number of observers that rheumatic infec- 
tions are more common in the northeastern part of the country than 

Table 1 
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Idaho 

IS.G 

14.5 

17.7 

12.3 

20.2 

20.9 

! 20.7 


Wyoming 

ll.S 

27.5 

18.G 

1.5.5 

2G,r. 

21.1 

; 20.4 

-J 

Colorado 

IG.l 

21.1 

20.0 

i 21.5 

j 29,7 

29.7 

1 27 5 

27.3 

Utah 

I'acifa' Coast 

14.4 

1 

IS.S 

23,5 

5 22.G 
! 

; 43.4 

i 

3S.5 

s 

; 

i 

3C.S 

Washington 

! S.9 

7.2 

! 10.5 

i 9.8 

! 18.3 

! 14.8 

i 17.4 

! 19.3 

Oregon 

1 1.'..G 

1«>.9 

i 

8.8 

! 21 3 

^ 18.9 

i 20.7 

{ 22.9 

Calit'ornia 

* •*>.$ 

1 11.7 

’ 12.1 

i 8.0 

20.9 

’ 17.3 

: 25.1 

' 25.1 


for whit" raro only. 
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in tlie Southern states. However^ niex-e geographical location does not 
appear to be the only important factor in the higher mortality rates, 
according to the evidence brought out in the present study. In most 
instances the upper New England states (Maine, New Hampshire, and 
Vermont) have had a much lower mortality than the other three New 
England states. The population of the latter differs from the former 
in that a greater proportion is concentrated in urban centers, a condi- 

Table II 

Mortality Pate Per 100,000 Population for Organic Diseases op the Heart, 
Over 45 Years and for All Ages, 1922-1925 and 192C-1929 



30- 

-44 

45- 

-64 

OVER 65 

1 ALL 

AGES 


H 


m 





H 

New England 









Maine 

45.5 

43.3 

257 

287 

1954 

2200 

229 

263 

New Hampshire 

4.9.9 

51.6 

292 

3o7 

1921 

2228 

241 

291 

Vermont 

47.4 

48.2 

300 

316 

2173 

2320 

262 

277 

Massachusetts 

6S.9 

71.5 

369 

398 

2414 

2539 

233 

269 

Ehode Island 

59.9 

66.0 

364 

397 

2140 

2533 

204 

242 

Connecticut 

59.3 

65.1 

346 

396 

2185 

2505 

199 

239 

Middle Atlantic 









New York 

80.1 

83.8 

436 

485 

2598 

2931 

246 

277 

New Jersey 

80.8 

85.7 

383 

447 

2251 

2558 

206 

240 

Pennsylvania 

73.3 

82.5 

346 

411 

2041 

2454 

187 

229 

East North Central 









Ohio 

56.8 

69.1 

270 

326 

1836 

2125 

177 

21G 

Indiana 

41.9 

59.5 

259 

308 

1760 

2073 

187 

225 

Illinois 

71.0 

82.7 

320 

387 

1999 

2328 

ISO 

227 

Michigan 

61.9 

80.0 

293 

344 

2032 

2335 

183 

211 

AVisconsin 

42.9 

49.5 

237 

267 

1736 

2056 

159 

194 

V^'est North Central 









Minnesota 

46.9 

47.8 

235 

2.50 

1738 

1837 

144 

171 

Missouri 

54.4 

64.9 

229 

286 

1377 

1738 

145 

192 

Nebraska 

38.1 

41.9 

210 

237 

1338 

1275 


158 

Kansas 

39.1 

40.7 

189 

219 

1463 

1712 

139 

168 

South Atlantic 









Delaware 

65.6 

85.1 

328 

383 

1897 

2075 

201 

9 . i 9 . 

Maryland* 

58.3 

64.2 

316 

364 

2039 

2309 

191 

229 

A^'irginia* 

41.5 

41.7 

245 

271 

1832 

2146 

138 

164 

North Carolina* 

39.2 

46 1 

212 

251 

1562 

1956 

109 

128 

South Carolina* 

47.3 

53.5 

2.54 

287 

1765 

2205 

112 

138 

Florida* 

50.5 

60.7 

275 

319 

1511 

1768 

149 

179 

South Central 









Kentucky* 

Tennessee* 

37.2 

43.5 

177 

244 

1276 

1500 

106 

129 

31.8 

37.5 

155 

193 

1159 

1456 

88 

110 

Mississippi* 

26.4 

34.7 

171 

200 

1264 

1568 

91 

110 

Louisiana* 

64.2 

40.7 

295 

325 

1922 

2193 

127 

147 

Mountain 








Montana 

44.7 

59.6 

225 

272 

1459 

1757 

105 

152 

Idaho 

39.5 

47.7 

179 

238 

1257 

1586 

92 

134 

"Wyoming 

47.7 

29.9 

221 

211 

1270 

1483 

95 

110 

Colorado 

55.0 

56.4 

225 

259 

1363 

1662 

131 

166 

Utah 

■ 72.2 

67.4 

246 

281 

1473 

1797 

123 

148 

Pacific Coast 







Washington 

40.5 

45.8 

245 

268 

1561 

1912 

145 

185 

Oregon 

46.3 

48.8 

256 

279 

1651 

2003 

170 

212 

California 

61.0 

60.3 

327 

342 

2109 

2273 

234 

240 


•Rates for white race only. 












i)Ai:i:rt: moutawtv 1!Ati;^ of okganic hkakt diseasic.-^ 


059 


tion which is s.'iid to predispose to a {rreater incidence of rheumatic 
infections. Tlie question Avhetlier a large proportion of foreign-born 
in a population predisposes to a greater prevalence of idieuiuatic in- 
fections Tiiiglit bo raised, but there is no definite evidence on this point 
to 1)0 found in the available data. The cfi’ect of crowding, types of 
housing, and other environment factors would necessarily have to be 
taken into consideration before claiming that a particular nationality 
is more or loss susceptible to acute rheumatic fever and rheumatic 
heart disease. However, the fact remains that in i\laine, New Ilamp- 
•sbive. and Vermont in 1030 the ratio of native white to foreign-born 
white was ap])roximatcly 8 to 1 while the ratio for the other New 
England states was 4 to 1. 

In general, the populations of the ^Middle Atlantic slates and Illinois 
and i\Iichigan show about the same general conditions regarding per- 
centage of urban population and foreign born as is found in the lower 
New England states. However, the Mountain states present a differ- 
ent picture. On the average only about 37 per cent of the population 
is classed as urban in contrast to 81 per cent in Massachusetts, Rhode 
Island, and Connceticut, 78 per cent in the Middle Atlantic states, 71 
per cent in Illinois and IMicbigan, and 55 per cent in Delaware and 
Maryland. Even among the Itlountain slates themselves, those with 
the highest percentage of urban population, namely, Colorado and 
Utah, have the highest mortality from diseases of the heart. In the 
Mountain states the jiroportion of foreign bom is much lower than in 
the East. Climate is another variable which is qiiite difTercnt in the 
two areas. 

In 1030 Viko’ stated that rheumatic heart disease accounted for a 
greater percentage of all organic diseases of the heart observed in a 
clinic whose patients lived in or near Salt Lake City than is the case 
in some other ])arts of the country, but he presented no evidence to 
indicate whether or not rheumatic heart disease is actually more prev- 
alent in that section than elsewhere. 

Data for the Southern states and west North Central .states in the 
younger age groups indicate that mortality from organic diseases of 
the heart is much lower in these regions than in any other sections 
of the country, a fact which is consistent with the usual conception 
of rheumatic infections in thc.se areas. 

From the data presented it would not be unreasonable to assume 
that rbeumatic diseases of the heart, and probably rheumatic fever 
also, are about as common in the IMountain as in the Eastern states. 
If not ns common, they probably are more fatal. Studies on the epi- 
demiology of aoite rheuniatic fever and rheumatic, heart disease in 
the Rocky Mountain area would be of great value in answering these 
questions. 
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A slightly different picture is presented for the older age groups, 
particularly over forty -five years. In general, the states, except for 
the Mountain states with the higher mortalities in the younger age 
groups, are ranlckl in about the same order for the older age groups. 
In this instance, the mortality for the Moiintain states is found to he 
below that of other areas. 

In spite of the fact that the upper New England states have a greater 
proportion of their population over forty-five years old their death 
i*ates are lower than those for the lower New England states in these 
age groups. Certain southern states show relatively higher rates in 
the older age groups than in the younger age groups. 

Pig. 1 illustrates graphically some of the points previously men- 
tioned. The mortality rates of three geographical areas for each age 
group in the four -year period from 1926 to 1929 were charted on a 
semilogarithmic scale. The mean mortality rates for the period appear 
in the ordinates on a logarithmic scale, and the ages in the abscissae 
on a uniform scale of years. Such a method will indicate the I’elative 
or percentage difference in the i*ates from one age to another and the 
relative difference of various groups in the same age. Since the mor- 
talit}'' rates show an enormous numerical i-ange from the younger to 
the older ages, a semilogarithmic chart is more satisfactoiy because 
it shows the relative or percentage differences very readily without 
distortion. 

In this chart the similarity of mortality rates in the younger age 
groups for the Middle Atlantic and the jMountaiu states is apparent. 
The Middle Atlantic states were chosen because it has been known 
that rheumatic fever and organic diseases of the heart have shown a 
high incidence and mortality in this area for a number of years. Pig. 

1 also shows that the percentage difference in the older age groups 
as compared with the j^ounger is greater for these eastern states than 
the Mountain states. It also shows the wide difference which exists 
in the groups under thirty years of age when the mortalitj’’ of the 
Southern states is compared with the Northern. Howevei’, in the age , 
groups over thirty years the difference in the two areas is less, and 
the mortality increases with age at approximately the same rate in 
the South Central area as in the Middle Atlantic. 

When considering the crude death rates it is necessary only to point 
out that the high mortality rate for all ages of the upper New England 
states covers up the fact that their rates for each age group is gen- 
erally lower than that of the lower New England states. The reason 
for this is merely that the population of the former contains a greater 
percentage of persons over the age of forty-five years, the age when 
most deaths occur. It is likewise evident that the low crude rate of 
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ihe ^lountain states covers up the fact tliat a high mortality exists 
in the younger age groups. On the other hand, the crude rate of 
certain soutlieni states masks a relatively higher mortality in the older 
ago groups. 

So far the mortality rates of organic diseases of the heart have been 
considered for the white race only. Crude rates wlienever available 
have indicated that the mortality is greater among negroes than among 
whites. In the data presented in Table III for the white and colored 
rates in nine southern .states, it is evident that the negro rates are 
higher in all ages except after 65 years. 

The greatest dill'erence in the mortality rates among the tAvo races is 
to be found in the group from thirty to forty-four years of ago, when 



I'la. 1. — Me.nn niortnllty mt''."; for orK.infc disoas*?!; of tho )ioart by .ape croups In tlic 
Mliidlo .Atlantic, Mountain, and South Central .states. 102C-19-?. 

the negro rate is from three to five times that of the white. There is 
no definite evidence that the greater prevalence of .syphilis among 
negroes accounts for this great, ditierence, but. the probabilities are 
that this is the case. 

After sixty-five years of age the mortality of whites is often higher 
than among negroes. The fact that- coronary diseases and certain 
other types of degenerative forms of heart disease are less frequently 
reported as the cause of death among negroes no doubt accounts for 
the fact that the mortality for organic diseases of the heart, among 
negroes is often less than for the white race after the age of sixty-five 
years. 



Table III 

iloaTALiTY Rate per 100,000 Popola'hon for Organic Diseases op the Heart in the White and Negro Races op the Southern States, 

1922-1925 AND 1926-1929. 
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Fig. 2 is a graphic rcprosonlalion of the difTerence in the -white and 
colored races for the South Central .states. All of the Southern states 
show very much the same picture, i.e.. little difference in mortality 
at the e.vtremes of life and a marked ditYercnce in the middle ages. 

Although the period of time covered in this study is comparatively 
short, the mortality has .shown some decrease in the younger age groups 
in certain i)arts (tf the country, particularly in the iiortheastern sec- 
tion. Tliis reduction may he due partly to a deeliue in the incidence 
of acute infectious diseases other than rheumatic fever. This is an 
encouraging sign, oven though we have no specific prophylactic meas- 



I'llT. 2. — Me.m mortality r.'itc.s for or^.mlo <U.«e.nsc.': of tlio liwirt by nftc Kroiips ^or 
lilt! white r.'ico find m,frr'>e.s in South Centra] .stiitv.s lti2G-19-9. 

ures for organic heart disease. In the group over forty-five years, 
however, a very evident increase in mortality has occurred. More 
adequate treatment of .syphilis in the negro is .suggested as one means 
of preventing many deaths from heart disease in the middle ages of 
that race. 

SUMMARY 

^fortality rates for organic diseases of the heart in the younger age 
groups arc high iu the Atlantic Coast states from Maryland to Mas- 
sachusetts, in llliiuiis and ^Michigan, and in the Mountain .slates. The 
areas with low rates are the west North Central states, and most of 
the J^outhern states. 
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In the older age groups the Northeastern states show the highest 
mortality. The Mountain area has a relativels^ low death i-ate and 
the Southern states, a higher rate in contrast to the mortality in the 
younger age gi'oups. 

The negro mortalitj^ rates in the Southern states for organic dis- 
eases of the heart are generallj’’ higher than for the white race. The 
greatest difference is found in the group from thirty to forty-four 
years of age. It is probabty due to a greater incidence of syphilis 
among negroes. 

REFERENCE 

1. Viko, L. E. : Henrt Disease in the Eockv Mountain Eegion, Am. Heart J. 6: 

264, 1930. 



A .AIODIFICATION OF THE WlGGEKS-DEAN :\IETHOl) OF 
KECOEDING HEART SOUNDS USING 
AUDIO AMPLIFICATION® 

llr.iuiKiiT A. Sacks, M.D., Hakokd Maisqui-s, E.E., 

Axn Basil Biatmkn'tiial, ^I.D. 

Chicaco, III. 

T he ob.ioot of this i)a])C‘r is to describe a practical inoxjieiisivc method 
of recording lieart sounds that may be used clinically to show the in- 
tensity of murmurs and their location in the cardiac cycle. 

!Many ami)lifiei-s for recording heart sounds have been described in 
the past. A brief review of the history of .sound recording has recently 
been presented by Bierring and his coworkers' who also describe a new 
ty])e of apparatus for recording heart sounds which reiiuires the use of 
a galvanometer. 



B 

c 


' 



i • ’ } ■ ' 

^ ■ i - ' 




. 


I'iu. 1. — Normal lirart roconled from npox ; A, with rr.v.Ktnl nilcrophont? 

mothoil ; Ji, with illroct "WIppiTS-Dcaii method damped ; C, with direct WlRPerK-Dean 
method undamped. 


'rite metiiod which we have used, utili/.es a crystal microphone, the ad- 
vantages of which h.ave been described elsewhere by Sacks and I^lartpiis." 
A three-stage audio amplifier, which measures 7.n inches in height, S 
inches in width, and 1) inches in length complete with batteries, was de- 
signed and built by one of us (11. M.) for use with the microphone. For 
recording, an ontinit receiver from the am])lifior is connected with a Wig- 
gers-Dean heart sound segment capsule.’' This method differs from the 
direct Wiggers-Dean method in that amplified filtered soumls excite the 
memln-ane of the segment capsule instead of unamplified sounds picked 
up directly from the chest. No damping is used with the microjihone 
method :is damping introduces e.xtraneous oscillations in the base line. 

•I-n.m tlic Hiarl .S|.’^tl,,n. MU'lmcl H, H„.-;pn;0. Cliiiac.x 
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The time values of the heart cycle are set either by recording Lead II 
of the electrocardiogram simultaneously with the heart sounds or by 
using the optically recorded carotid or subclavian arterial pulse tracing 
(Wiggers-*). The camera is speeded up in order to spread out the sound 
tracing and make the interpretation easier. 



Fig'. 2. — Records M — iieart sounds taken 'wiUi microphone amplifier method : 
records W — with direct Wiggers-Dean metliod on tlie same patient ; in both the heart 
sounds were recorded simultaneously with Lead II. A, record of sounds from aortic 
area, showing diastolic murmur. Clinical diagnosis was rheumatic heart disease, 
aortic insufficiency. B, record of sounds from aortic area, showing systolic and 
diastolic murmurs, in case of syphilitic heart disease, with an aortic aneurysm. C, 
record of sounds from aortic area records, showing definite diastolic murmur in a case 
of syphilitic heart disease with clinical findings of aortic valve insufficiency. 


The direct Wiggers-Dean method of recording heart sounds usually 
gives good results with careful technic in appropriate subjects. But 
when the sounds are distant as in emphysema and obesity® and in 
dyspneie patients, satisfactory tracings have been difficult to obtain. It 





SACKS i:t AK. : 


UKAHT sorxn HKconiMxr. 


i)G7 


is also cliflicull to record sounds from the base of the lieart, and certain 
innrmnrs may be missed. ]N[argolics and Wolferth"’ liave called atten- 
tion to the limitations of the direct \Vigger.s-Dcan method in the record- 
ing of In'gh-pitciicd sounds and liavc utilized an audio am]»Iifying sys- 
tem with the AViggers-Dean capsule method to overcome this difiicnlty. 
Tiiese difficnltics in recording are al.so overcome to a large extent with 
the am])liricr system we employed. 



Flp. 3. — Record.^ of heart sounds toKctlicr with I^ond IT of elcctrocardioRnim ob- 
tained from npc.x in a ca.se of rlicutnallc heart dl.sca.se and auricular nhrlllation. 
showing .sv.stollc and diastolic imuTn\ir.«. Record .If, taUen with microphone amplhler 
method. Record ir, taken with direct AVippers-Dean method. 



h'lp. 1. — Rocord.s of heart .sound topether with I^ead 11 of electrcK-ardlfiKram oh- 
tiilned from apc.'c In a ra.se of rheumatic heart dlsea.sr. showinp Kv.stolic and dla.'.tollc 
miinmir:'. n«-eord M, taken with microphone amplinor method." Record W, taken 
with direct Wlppor.s-Pcan metliod. 


Clinical use of the cry.sttil microphone amjjliticr ajiiiaratus has jiro- 
dneed satisfiictory records from the apex and base of the hetirt (Figs. 1, 
'2. ,t, ;nul 4). In :ill patients tested, distjint hotirt sounds and murmurs, 
including the soft tliastolic iunlic murmurs, were recorded satisfactorily, 
even when the direel method was inadequate. All tnieiniis wore free 
from extraneous vihnitions, and the loetiliztilion in the cycle of normal 
and ahnorinal cardiac sounds jUAwnted no difileullios. 
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A '‘tone control” has been introduced into the circuit, wliieh was 
found to be valuable in estimating roughly the vibration frequency 
range of the murmurs. 

SUMMARY 

A method of recording heart sounds, which uses the eiystal micro- 
phone with an audio amplifier sj'^stem, together wdth the Wiggers-Dean 
sound segment capsule is descrilied. This method was found satisfactory 
for clinical use and was found to avoid many of the difficulties present 
in the direct Wiggers-Dean technic. 

Tlie authors wish to acknowledge their indebtedness to Dr. L. N. Katz for his 
valuable advice and criticisms in de%'eloping this method. 
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AN EXTRAORDINARY DEOREE OF PARTIAL HEART-BLOCK 

Rri’ouT or a Cask ix Wincn thk P-R Intkkvai, ExcKi:ni;i) 

Tin: R-R IxtkrvaiA 

Jamks Fatt.kxku, ]\1.D. 

Bostox, jMass. 

D elay in auricTilovcMilricular conduction is a relatively common sign 
of myocardial involvement, whether caused liy intlammatoiy changes 
in the conducting tissues as in rheumatic fever or by nutritional disturb- 
ances as in coronary sclerosis. High grades of A-Y block, i.e., P-R 
intervals of more than 0.40 .sec., are seldom encountered, however, on 
account of two limiting factors. In the first place, with the higher grades 
of heart-block the refractory period of the A-Y node tends to be so 
])rolonged that impulses become completely blocked there, producing 
“droirpcd beats” or a regular two to one or oven lower ratio of ven- 
tricular response. The second limiting factor is the inherent rhythmicity 
of the ventricular pacemaker which causes it to “escape” if the imjnvlse 
from the supraventricular pacemaker is delayed too long. The case here 
recorded is remarkable in that the ventricle remained dependent on the 
sino-auricular pacemaker in spite of the fact that the A-Y conduction 
interval was on occasions so long that a second auricular systole had 
taken place before the impulse from the first auricular systole bad 
reached the ventricle. 

Tlic patient (IIo.«p. No. G-tn.say) wa.s an unenipioj’od laborer who was first ad- 
mitted to the Second ^Tedical Service, of the Bo.«ton. City Hospital on Aug. 1, lO.'tl, 
complaining of precordiai pain, dyspnea, and episodes of amnesia. He was fifty-six 
years old at the time. 

His family history revealed that his fatlier had died at seventy of aiiojiloxy, and 
his motlicr had died at sixty-seven from an unknown cause. His wife had died of 
“tubereulosis of the stomach” many year.s before, leaving two healthy children. 

At the age of eight ycar.s he had had diiihtheria, requiring tracheotomy. He had 
had gonorrhea in his youth ami a typical attack of rheumatic fever at tliirty-three 
years. At thirty-seven he pa.ssed an examination for life insurance. On account of 
repeated sore throats, a ton.silleclomy was {lorformcd at the age of forty-nine vears. 
He luid serveil thrive ealistnn-nts in the Nnvy following the Spanish-.Anierican Wnr 
and worked at various odd jobs thereafter. 

•l-'nnn the ThorniUke Ateioorlal lydioratorj-. f:.-rnnd and KourUi Xte.llcal Si-rvlce« 
(H.-in-anlt. Ito«tton City Ho'-j.ii.'i!. and the l.rep.-irtm-nt of Mcdkln-, Harvard 

ScMOoi. 
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Early in 192G he began to suffer from shortness of brc:itli, swelling of the ankles, 
and “skipping of the heart.” On Mar. 15, 192C, during a period of marked “skip- 
ping of tlic heart,” lie suddenly lost the power of .speech and then became uncon- 
scious. He was brought to the Chelsea Naval Hospital wliere lie gradually emerged 
from his coma over a period of several daj’S. A residual right facial weakness and 
aphasia slowly cleared up during his .seven months’ stiiy in that ho.spital. On 
admission to the Naval Hospital it was noted that the heart rhythm was regular 
except for occasional dropped beats and that the heart sounds varied in intensity. 
Pulsus allernans was pircsent to u striking degree, the systolic blood j)rcsHurc alternat- 
ing between 112 and 130 mm. llg and the diastolic between GO and 70 mm. Hg. 
There were no signs of congestive failure. The urine showed a slight truce of 
albumin, and the nonprotein nitrogen in the blood was oG mg. per 100 c.c. Before 
his discharge from the hospital the systolic blood pressure had risen to a level of 
170-180 mm. Hg and the diastolic to 90-101 mm, Hg, the alternation iiersisting. The 
nonprotein nitrogen in the blood fell to 33 mg. per 100 c.c. 

His next hospitiil admission was to the Third Medical Service of the Boston City 
Hospital on Mar. S, 1927, on account of a jnilmonary embolism from which he made 
an uneventful recovery. The pulse rate at thi.s time was slow, varying between 10 
and GO beats per minute. 

During the year 1931 he suffered from increasing dy.'ijmca and prccordijil pain and 
had three amne.sic episodes preceded by severe heiidache and vertigo, lasting for 
seven or eight hours. These epi.sodes were followed by temporary aphasia. His 
memory for recent events became poor. He was admitted to the Second Slodical 
Service of the Boston City Hospital on Aug. 1, 1931. Physical examination at that 
time showed an obese, florid man with a slight residual facial paralysis on the 
right. There was moderate peripheral arteriosclerosis. Tlie heart sounds were 
distant, slow and regular e.vcept for occasional brief accelerations. There was a 
systolic murmur at the apex. The chest was emphysematous. There were varico.se 
veins ^vith eczema but no edema of both lower legs. The tendon reflc.xes were all 
hj-poactive. During his st.ay of five weeks in the hospital, the pulse rate varied 
between 45 and 70 beats per minute and the blood pressure between 140 and IGO 
mm. Hg sy.stolic and 85 to 100 mm. Hg diastolic. TIic blood Kahn reaction, the 
urine, and the blood cytology were all normal. 

He was discharged from the hospital imi)rovcd but remained a cardiac invalid 
with angina decubitus. In January, 1933, he developed a particularly severe attack 
of precordial pain radiating down both arms and lasting for eighteen hours, un- 
relieved by nitroglycerine. On readmission to tlie liospital a week later he was 
orthopneie and showed coarse rfdes at the base of the right lung. There was a 
leueocjdosis of 11,000 per c.mm. which persisted for four weeks. He remained in 
the hospital for five months and was again discharged improved. 

Pour weeks later, however, he was brought to the liospital for the last time. The 
oral temperature was 97“ P., the pulse rate, 100, and tho respiratory rate, 30 per 
minute. There was some cyanosis of the lips. The heart appeared enlarged; the 
sounds were distant and regular. The limgs were clear. The blood pressure was 
1G.5 mm. Hg systolic, and 85 mm. Hg diastolic. There was a persistent leucoej'tosis 
of from 14,700 to 20,500 per c.mm. of blood. The hemoglobin was IIC per cent. 
The nonpiotein nitrogen in the blood was 42 mg. per 100 c.c. A teleroentgenogram 
of the heart showed marked enlargement of the heart and great vessels. He con- 
tinued to suffer from frequent attacks of dyspnea, cyanosis, and substernal pain, 
and in one of these attacks lie died on July 7, 1933. His treatment during his 
several hospital admissions consisted largely of rest and sedation, digitalis having 
been given onlj- once for a brief period at the time of his first admission to the 
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Klir. 1. — -Ifioi r, clfflrocnnlinsnim tnUen Jan. IS. IPJr., natlonl 13. F.. aKnl flftv-ol^ht 
y«‘ar,«. 

Jlrlotr, (Uapramnialic M'pro.ci'iitatlon of .same roconl, TIio Uppir lino of l>lorl;.« in 
<ricli .“orlo,-; n’Pr<-."!.'nl.« .anriculnr ronlniction ; llio lower line repn-.'-i nt.c Ventricnlar 
eonlnietlons : an<l the connooUtnr line.c between tliein. the comluctlon Interval?. The 
he.avy llne.« on the haehinftiin'.I ari‘ ?pace>l to InflUvite interval.? of 0.20 rer. ainl the 
liyht lines to Inilleale 0.01 nv. In leeul 1 the I’-wave.s are ('•up'riinixi.sed on initial 
part of the T-wav.,. anil latter jeirt of the H-wave,?. In l/i-ail II the F-wave.s nr.- Inirli-l 
further bach In tlie U-wave? at the beclnnlnK of the record and niay be /--. en to ftnerin- 
before the prei-iallni: H-\vave.= at the ilfth .and sixtii ventricular cnniidex<s. The .seventh 
auricular contraction re.sult.c in a dropped beat. In l.ead 111 the P-w.ave of the 
auricular contraction controllini.- the fourth ventricular contniclion may be loen enieri;- 
Inr before the third ventricular conipbev. The next .•itirlcular contraction re.<-tdt,« in 
a dropped beat. Tlie F-u interval ewer-,!* the K-1’ interval on five <K:ca.elon«. on thi“ 
nvord. 
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Boston City Hospital. The pertinent clinical diagnoses were: arteriosclerosis; 
coronary sclerosis; coronary thrombosis, old and recent; and partial heart-block. 

A total of seventeen electrocardiograms were taken between 1926 and 193S. 
Through the kindness of Dr. David Ferguson, I was permitted to examine the records 
taken at the Chelsea Naval Hospital. Most of the records showed a high degree 
of partial heart-block with P-B intervals ranging from 0.,3G sec. to 0.84 sec. As 
early as Apr. 1, 1926, a record sho'ved P-B intcrviils of 0.72 sec. On two occasions, 
once in 1926 and again in 1931, complete heart-block wa.s recorded. Other changes in 
the electrocardiogram developed during the period of observation. Notching and 
widening of the QBS complexes appeared and the axis shifted to the left. A deep 
Q-wave and inverted T-wavc appeared in Lead III in 1931, only to disappear the 
following year as inverted T-waves began to appear in Leads I and II. No 
significant changes occurred in the electrocardiogram following the record illustrated 
in Fig. 1. In both Leads II and III of Fig. 1 examples of P-B. intervals exceeding 
B-B intervals may bo seen. A diagrammatic sketch of the sequence of events in the 
electrocardiogram is shown below the tracing. 

Autopsy was performed twenty-six hours post mortem by Dr. .Tohn Hayes. Tlie 
significant findings were as follows: There was pitting edema of the legs up to the 
hips, but the lower edge of the liver was at the costal margin, and there was no 
free fluid in the serous cavities. 

The heart rvas enlarged, weighing 740 gm. The left ventricular cavity was 
mai'kedly dilated and contained, attached to the intraventricular septum, a partially 
organized thrombus measuring 4 by 2..6 cm. The right ventricle was also dilated. 
The myocardium was reddish brown in color, firm, and showed no gross evidence of 
fibrosis. The thickness of the left ventricle was 1.4 cm., and of the right ventricle 
0.6 cm. There was marked atheromatous degeneration of the coronary arteries, 
aorta, and aortic cusps. 

The lungs showed multiple areas of infarction. The liver weighed 1,900 gm. and 
the lobules of the liver stood out prominently from its cut surface. 

The kidneys were small and finely granular, and the right kidney contained an 
old infarct. 

The anatomical diagnoses (from the gross examination) were: hypertensive heart 
disease, pulmonary infarction, mural thrombus, cardiac hypertrophy, infarct of the 
kidney, benign nephrosclerosis, marked chronic passive congestion of the liver, and 
marked atheromatous degeneration of the coronary arteries and aorta. 

Microscopical examination of the heart showed marked deposit of cholesterin be- 
neath the intima of the coronary arteries. The myocardium exhibited a moderate 
degree of fibrosis which became marked in the papillary muscle where relatively large 
areas of the muscle cells were destroyed. Tlie small papillary muscle was surrounded 
by a partially organized thrombus and showed subendocardial fibrosis with early 
necrosis and a monocytic infiltration of the central portion. Four sections were 
taken from the intraventrieidar system. The bundle of His or its branches could 
not be positively identified in any of these. There was fibrosis in this region, and 
the muscle fibers showed a tendencj' to stain poorly or to take an acid stain, with 
pyknotic nuclei. Such changes were most marked ,iust beneath the endocardium. 

The liver showed marked distention of the central sinusoids with erythrocytes 
while the ad.iacent liver colls stained poorly with the acid stain and were being 
infiltrated by polymorphonuclear leucocytes and monocytes. The kidneys showed 
marked fibrous thickening of the intima of the small arteries with focal areas in 
which tubules and glomeruli stained more or less homogeneously with acid stain, 
showing little structural differentiation. Adjacent glomeruli were fibrosed or stained 
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poorly, wit Is ninrkcl tliickoninp o£ the interstitial iihroa? tissue. Tlie lumina of one 
of the lurper ami sevonil of the smaller arterie.s 'wore filleil with loose fitiroiis tissue 
oontaininp one or two small oanalietil’zinjj ve.s.'^els. 

The mieroseopical diapiose.s were; markeil atheromatous (iej'eneration of the 
eoronary arteric.s, moderate perivascular fihro.sis of the myocardium, mural thromlms 
(left ventricle), pulmonary infarcts, heniorrhajiie oentnil necrosis of the liver, old 
inf.-ircl of the kidney, and advanced atheromatous doKenenitiou of the aorta. 

mscui^siox 

Tlii.s case is coinpavalilc, wit It regard to the lioiftth of the P-ll intorviil, 
to llitit reported in 191;') by the late Dr. AV. S. Thtiycr.' Dr. Thayer’s 
east! w:is thtit of a woman fifty-five, yctirs old who suffered from extreme 
Itradyeartlia with oeeasional syncopal and eclamidic attacks. The pulse 
rate iiverafrcd iihout oO per minute. The P-R interval in the electro- 
card iofrrtim was often more tlian 0.7 second, and on one occasion it 
reached O.SS .second. Tn polygraithic trjiciniis the a-c interval amounted 
to 0.7 to 1 second. These a])i)ear to be the longest recorded A-V conduc- 
tion times on record. Tlic feature wdiicli makes the case here reported 
unifpie is that, in spite of an extraordinary delay in conduction, the sinus 
rate was usually normal or increased so that the P-R interval approxi- 
mated, and on occasions actually exceeded, the R-R inten-al. It is note- 
worthy also that under thc.se circumstances variation in intensity of the 
first sound of the heart was noted comparable to that obsciwcd in com- 
idetc heart-block and attributable to the same cau.se, i.c., occasional 
synchronous contraction of auricle and ventricle. 

SUMMARY 

A case of extreme degi'cc of ])artial heart -block is rei)ortcd on which 
observations were, made over a peidod of seven ycai’S. Tlic P-R interval 
on one occasion reached 0.80 second, actually exceeding the R-R interval. 


reit:rf.xce 
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PATENT DUCTUS ARTEEIOSUS COMPLICATED BY ENDO- 
CARDITIS AND HEMORRHAGIC NEPHRITIS^’ 

A Case Report 

Don CjVrlos Hines, M.D., and David Alvra Wood, M.D. 

San Francisco, Calif,, 

P ULMONARY endarteritis and endocarditis arc well known as com- 
plications of patent ductus arteriosus. Several adequate reviews arc 
in existence.’ Since Blumer and McAlenncy ’s discussion, which included 
twenty-two cases from the literature and six original eases, five additional 
instances have been reported.- These, together with the case here set 
forth, liring the total of reported eases to 34. 

The present case was thought Avorthy of record because it was closely 
followed through its entire eour.se; an acute hemorrhagic nephritis de- 
veloped under observation ; and detailed post-mortem studies were 
possible. 

CASE REPORT 

M. D., an American schoolgirl, aged eighteen rears, was admitted to the medical 
service of Lane Hospital on July 13, 1931, complaining of fever and weakness 
for three weeks. 

In early childliood a congenital heart lesion had boon discovered, and she had 
never been allowed strenuous exertion. Her Jicalth had been excellent, however, and 
she said she was a “good walker.” There was no histoiy of rheumatic infection. 
Tonsillectomy liad been performed at the age of seven years. 

About three weeks before entry .she began to feel bad on awakening in tlio 
morning, to have vague abdominal pains, and to notice weakness and anorexia. She 
was found to have afternoon fever, sometimes as high as 39..'5'’ C. Because tlic fever 
and symptoms persisted, she entered the hospital. 

Examination revealed a pale, thin girl, who did not look ill. The temperature 
was 38.3° C. (rectal); the pulse, IIG; respirations, 20; blood pressure, 124/74 mm. 
No petechiae or evidences of peripheral emboli were found. There was no cyanosis. 
The tonsillar fossae were clean. Tlie neck veins were not distended. A systolic 
thrill was palpable, strongest at the pulmonic area, but also present along the entire 
left sternal border. A suggestion of a diastolic tlirill was felt over the pulmonic 
area. The heart seemed sliglitly enlarged. Tlie sounds were normal, and the pul- 
monic second was well defined. There was a continuous “machinery” murmur at 
the pulmonic area, with both systolic and diastolic accentuation, becoming faintest 
at the end of diastole. Tlie murmur was transmitted to .a certain extent over the 
whole preeordium. 

The lungs were clear; the liver and spleen, not palpable. The fingers were not 
clubbed. 

The hemoglobin was 76 per cent (Sahli), the erythrocytes, 4.2 millions; the 
leucocjdes, 11,800 (81 per cent polyraorphonuclears) . The blood H’^assermann re- 
action was negative. The urine was noi-mal. Roentgenograms revealed slight cardiac 

*Prom the departments of Medicine and Pathologj', Stanford University School of 
MeUicine. , 
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enl:irf,'fim--nt v.itli proiiiiin'nec of llic left auricle aiul puliiionary conus. An clcetro- 
c:irdiogr!iiii slioweil siinis taeliycardia. Two blood culture.s yielded Stri ptorocrus 
riridnnx. 

The din'rno.si.s was made of eoii(xenital heart lesion (patent ductus arteriosus) and 
subataite bacteritil endocarditis. 

As the temperature subsided in a few days, the patient was dismissed with in- 
strui-tions to remain in bed. .Subsetpient care took place for the most j'urt at 
her home. There were in all eleven hosjiital admissions, most of tlumi of one or two 
days' duration for tlic purpose of blood transfusion. 

Coursr . — For several months she seemed to hold her own before bcftinning a 
gradual decline, which became rajdd in the final month. Her sjiirit, however, was 
luf;h, and her will to got well strong until the very end. 

Tlierc was almost constant septic fever, increasing as her condition grew worse. 
Daily temperature variations of as much as ,d° C. were not uncommon in the later 
months. On one occasion the rectal teiniierature swung from .'’,0.0° to -I’J.H and 
back agtiin within twenty-eight hours. 

Death took place on July S, 103’2, a little more than a year after the onset of 
illness. 

The only S]) 0 cific therapy. attempted was a eour.se of seven subcutaneous injections 
of autogenous vaccine, wliich had no apparent effect. She received a total of twenty 
blond transfusions as treatment both for the infection and for the anemia which 
developed rapidly in spite of vigorous iron thcraiiy. 

Beginning three months after the onset of the present illnc.=s, .she had frequent 
attacks of chest pain with bloody sputum. Thc.se were thought to be due to pul- 
monary infarcts, although no iihysical signs of infarction could ever be elicited. A 
few attacks were followed by pleural effusions which did not require drainage. 
At no time were there any ('videnc.es of embolism in the peripheral circul.'ition, al- 
though they were constantly looked for. 

In April, Ifl.'IS. nine months after the onset of the endocarditis, the spleen became 
jialpablc for the first time. At about the .same time the fingers began to show 
clubbing. Durinc the last months of illness the heart murmurs increased markedly 
in intensity without change in their character. The juilse never became rapid dis- 
proportionately to the temperature. 

lUood. — The. blood counts arc detailed in Table I. It will be noted that the blood 
count was jiractically normal at onset but that anemia developed within two months. 
The series of twenty transfusions, each consisting of .'iOO c.c. of citratod blood, which 
were, given in the ensuing nine months, were successful until the very end in pre- 
venting the anemia from becoming profound. 

The results of the blood cultmes arc shown on Table II. Until the terminal 
flooding of the blond stream with organisms, the colonies in jioured agar plates were 
small and appeared only after several days, even under partially anaerobic conditions. 

}!oen1fj(nopram.<! of the chest were repeated in October and again in April. In 
the first of these the cardiac enlargement was greater than if had been in July, and 
there was an extraordinary change in the size and shaiie of the heart shadow when 
the patient changed her jiosition. This change was never satisfactorily explained 
and later ci-nsed to occur. In .-\pril. the eaniiac, silhouettd was still further enlarged. 
Many scattered, rather dense shadows not previously present were si'cn throughout 
the lung iields. These were interpreted as the remnants of infarcts. 

Urs’ie.— The tirine reniaint'd jierfis-tly normal until February (seven months after 
onset). In Peptend>er. a ftdnt trace of albumin was found at one exarniimtion. and 
an .t'hli--' concentration test was performed. Tliis yielded the Ddlowing results, all 
of which are within normal limts for t-,vohe-hour excretion. 
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Table I 
Blood Counts 


date 

HG, 

PER CENT 
(S.) 

R.B.C. -W.B.C. 

MILLIONS 

I’LATELETS 

PEIt CENT PER CENT 

7/13/31 

76 

4.2 

11,800 

76 

9/19/31 

o5 

3.8 

20,400 

85 

9/24/31 



Transfusioa I 


9/27/31 

85 

4.8 

14,800 

78 

9/28/3] 



Transfusioa II 


10/ 1/31 



Transfusion III 


10/ 5/31 

95 

5.4 

12,200 

SI 

10/ 6/31 



Transfusion IV 


10/ 7/31 

05 

5.4 

— 

— 

10/12/31 



Transfusion V 


10/12/31 

95 

o.G 



10/20/31 

92 

4.0 

10,800 

69 

10/26/31 

93 

5.0 


— — 

11/ 1/31 

88 

4.7 

10,800 

52 

11/ 5/31 

79 

4.4 

13,200 

55 397,700 7.0 

11/ 6/31 



Transfusion VI 


11/ 7/31 

97 

5.4: 

11,100 

73 

11/19/31 

87 

5.0 

8,800 

57 

12/ 1/31 

77 

3.7 

7,700 


12/ 7/31 

77 

4.0 

17,200 

74 

12/ 7/31 



Transfusion VII 


12/ 8/31 

93 

5.3 



' 

12/18/31 

86 

5.0 

13,200 

• 77 

1/15/32 

75 

3.8 

13,200 

75 

1/15/32 



Transfusion VIII 


1/10/32 

SO 

5.1 




2/ 5/32 

79 

4.0 

12,500 

05 

2/26/32 

58 

3.6 

11,600 

81 

2/26/32 



Transfusion IX 

, . . 

3/10/32 

59 

3.3 

22,800 

72 

3/19/32 



Transfusion X 


3/21/32 

73 

3.8 

20,300 

SG 

3/21/32 



Transfusion XI 


3/22/32 

87 

4.8 




3/26/32 

81 

4.1 

11,000 

72 

4/ 8/32 

56 

3.1 

12,400 

82 

4/ 9/32 



Transfusion XII 


4/22/32 

50 

3.9 

12,400 

SO 

4/22/32 



Transfusion XIII 


4/23/32 

60 

4-.1 

14,000 

73 

4/28/32 



Transfusion. XIV 


4/28/32 

60 

4.0 

14,600 

82 

5/ 6/32 

58 

3.6 

15,000 

85 
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Table I— Cont’d 



HG. 

R.B.C, , . ^ ^ 

POLYS 

RET. 

DATE 

PER CEXT 

w.n.u, 

MILLIONS 

PER CENT 

PLATELETS 


(S.) 




5/ 6/32 


Transfusion XV 



5/ 9/32 

65 

4.1 15,000 

79 


5/11/32 


Transfusion XVI 



5/11/32 

72 

4.1 



5/10/32 

72 

3.9 18,200 

79 


5/23/32 

00 

3.0 17,800 

02 


5/24/32 


Transfusion XVII 



5/24/32 

65 

4.1 13,000 

08 


5/28/32 

00 

3.8 25,400 

09 


5/31/32 


Transfusion XVIII 



5/31/32 

09 

A 1 

— 


6/ 4/32 


Transfusion XTX 



6/ 5/32 

75 

4.5 — _ 

_ 


0/ 0/32 

77 

4.7 23,200 

88 


6/ 7/32 

— 

2.3 23,100 

83 


0/ 7/32 


Transfusion XX 



0/ 7/32 

45 

3.4 25,800 

78 

104,700 18.2 



Table II 





Blood Cultures 





GROWTH IN 


PLATES 


DATE 

BROTH 


COL. PER C.C. 





BLOOD 


7/15/31 

4-1 


-f 


7/17/31 

+ i- 


+ 


9/21/31 

+ 


17 


10/ 4/31 

+ 


0 


10/18/31 

+ 


? 


11/ 1/31 

t- 


0 


1/15/32 

-1 


0 


2/20/32 

+ 


5 


3/22/32 

•1 


o 


4/ 9/32 

+ 


10 


4/22/32 



10 


5/20/32 

+ 


? 


7/ 7/32 

+ + + 


830 


Volume — 102 c.c. 

Specific gi'uvity — 1.032 
Protein — 7 A mg. 

Casts — 5, 600 '(100 per cent hyaline) 

Red blood cells — none seen 
AVhite and epithelial cells — 1, -500, 000 

In February, albumin, casts, red cells, and white cells began to make their ap- 
pearance in voided specimens. A concentration tost was obtained in lilay, with the 
following twelve-hour values: 

Volume — 220 c.c. 

Specific gravity — l.C!.! 




978 


THE AMERICAN • HEART JOURNAL 


Protein — 570 mg. 

Casts— 1,300,000 

Eed blood cell casts — 20 per cent 
Epithelial casts — G8 per cent 
Granular casts — 12 per ceut- 
Eed blood cells — ^106,000,000 
AVliite and epithelial cells — 260,000,000 

These figures Dr. Addis interpreted as indicating an active hemorrhagic nephritis 
with marked degeneration of the tubules. 

In June, edema of the ankles, soft and pitting, made its appearance. On salt 
restriction this diminished temporarilj', but progressed within a few weeks to a 
generalized anasarca. At her final admission in July, the urine boiled solid and 
was loaded with formed elements, but the blood urea was only 45 mg. per 100 c.c. 
of blood. 

Mode of Death . — During the final month, v.'hile the edema was spreading, she ap- 
peared to lose ground rapidly. She lost her appetite, became fretful, and was racked 
by cough productive of pinkish ^watery sputum, apparently the result of mild pul- 
monar}' edema. A few days before death, purpura aiipcarcd over the antecubital 
fossae. Tliis became confluent and spread over almost the entire body. She .grad- 
ually became lethargic and cold, and finallj- ceased breathing, apparently the victim 
of bacterial toxemia rather than of cjirdiac or renal failure. 

Post-Mortem Examination . — The body was that of a slender girl about nineteen 
years old. The body was warm, rigor mortis absent. The pupils were dilated and 
equal. The conjunctivae were pale and clear. The skin and mucous membranes 
showed a marked pallor. Numerous petechial liemorrhagcs and extensive areas of 
purpura were present over the lateral aspects of each arm and upper portion of the 
forearm, A few small petecliiae were scattered over the right thigh and left leg. 
Small hemorrhagic spots were present in the adventitia at the base of the aorta,, 
in the epicardium over the | right auricular appendage, and at the base of the pul- 
monary artery. A diffuse purpuric infiltration was present in the gastric mucosa 
and in the bladder. Small purpuric areas were present in the cecum. , 

A moderate pitting edema of both extremities was present. Tlie subcutaneous 
tissues over the thorax and abdomen also showed moderate edema. 

The peritoneum was smooth, glistening, and contained approximately 400 c.c. of 
tliin, slightly turbid, blood-tinged fluid. The pleurae were free of fluid. The 
pericardial sac contained 200 c.c. of clear, straw-colored fluid. 

The left lung showed no sear at the apex. Both lobes contained numerous in- 
farcts, varying in size from 1 to 3 cm. in diameter. Some were partially organized, 
others were of recent origin. The right lung showed a scar at the apex. Through- 
out all three lobes numerous infarcts of various size and age wei'e present. The 
bronchi contained a small amount of frothy, blood-tinged mucus. The peribronchial 
and peritracheal nodes were moderately enlarged and edematous. The spleen was 
moderately enlarged, measuring 16 by 11 by S cm. Tho capsule was smooth and 
bluish brown in color. On cut section the malpighian bodies were prominent, and 
the pulp was firm and of a dark, reddish broum color. 

The heart appeared about twice normal size. Both .right and left ventricles were 
dilated. The ventricular muscle was of. normal thickness, rather pale and flabby. 
The right ventricular wall measured 3 mm. in thickness, the left 10 mm. in thick- 
ness. Mural vegetation measuring 1.5 by 1 by 0.8 cm. was present on the endocardium 
of the right ventricle, 6 cm. from the pulmonary valve, and near the insertions of 
the chordae tendinoae of the tricuspid valve. All the- valves were normal except the 
pulmonary. The pulmonary ring measured 7 cm', in circumference. The leaflets 
were completely destroyed except at the bases where they were thin and delicate. 
Extending from a point .just beneath the valve and into the pulmonary artery for 
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a distance of 3 cm., -was a cauliflowor-like mass of yellowish vegetations which pre- 
sented a pale greenish tint in addition to the yellow color. Upon opening the valve it 
appeared as though the orifice was completely occluded by these vegetations. A 
patent ductus arteriosus was present. The pulmonarj- end was at a level 5 cm. 
distal to the base of the pulmonary valve. Projecting outward from the lumen of 
the ductus was a small polypoid mass of similar yellowish green vegetations measur- 
ing 1 by 0.8 by 0.7 cm. A moderate dilatation of the pulmonary artery was present. 
The lumen of the ductus arteriosus was almost completely occluded by vegetations 
and measured from 2 to 3 mm. in diameter (see Fig. 1). On the aortic side of 
the ductus two small polypoid vegetations were present. No calcified plaques were 
noted in the aorta. 

Both kidneys measured 11 by 5 by 3.5 cm. The perirenal tissues showed moderate 
edema. Both renal capsules stripped rather easilj'. The renal surfaces were con- 
gested, broumish red in color, speckled diffusely by numerous small hemorrhages, 
pinpoint in size, ranging in color from dark brown to bright red. Between the 



L 


Fig. 1. — Right ventricle of heart. Note the mural vegetation, the cauliflower-like 
mass of vegetation on the pulmonary valve, and the vegetations on the pulmonic side 
of tile ductus arteriosus. A match is inserted in the orifice of the ductus arteriosus. 

hemorrhagic areas mimerous small yellowish areas were present. Cut section showed 
in addition a moderate edema and a moderate cloudy swelling. The mucosa of the 
renal pelvis was pale, smooth, and glistening. 

Ilisiological Examination . — The heart muscle was normal in appearance. 

The liver showed a marked congestion throughout. The centrid sinusoids were 
considerably widened. The neighboring liver cells were slightly atrophic, contained 
small amounts of brown granular pigment, and showed a slight fjitty degeneration. 
■Some of the periportal areas sliowed small collections of ljunphocytes. 

The pcribroncliial lympli nodes contained a number of large mononuclear phago- 
cytes filled with brown granular pigment in the lymph sinuses. 

Sections of the lungs showed infarcts of varying ages. A number of the alveoli 
were filled with plasma containing scattered numbers of large mononuclear pliago- 
cytes. 

The skin of the arm showed numerous small hemorrhages into the areolar tissue 
in the depth of the corium at the level of the coil glands. 
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The stomaeh showed :i marked congestion of the mneosu and a heniorrhuglc. 
infiltration of the superfieial portion. 

In the kidneys a nninher of glomeruli showed necrosis of individual capillary 
loops. Other glomeruli showed an exudation of coagulated material in Bowman’s 
capsule. A few glomeruli showed frank hemorrhage, with numerous blood casts 
contained in the neighboring trdniles. In addition to the above embolic glomerular 
changes, a number of the glomeruli showed adhesions between the tufts and the 
neighboring epithelium of Bowman’s capsule. A few showed beginning formation 
of epithelial crescents. The tubules were of varying size, some being small and 
atrophic. Numerous hyaline, epithelial, and cellular casts were contained therein. 
Small groups of lymphocytes were scattered throughout the cortex. Tlie arteries 
appeared essentially normal. 

Bacteriological Examination. — The blood culture showed a growth of Strepto- 
coccus virUlans, alpha (Brown). 

Anatomical Diagnoses. — Tlic anatomical diagnoses were: open ductus arteriosur: 
subacute arteritis of the ductus arteriosus; subacute endocarditis of the pulmonary 
valve; septicemia (Streptococcus v'tidan.s-) ; embolism of the pulmonary artery with 
multiple infarcts in the lungs; early subacute nephritis; acute, focal, embolic ne- 
phritis; purpura hemorrhagica, and secondary anemia. 

l)I.SCUS.SIOX 

Ttvo points of especial interest arc pre.sented by this case: (3) the 
infective process at the site of the congenital anomaly and (2) the renal 
lesion. Adequate discussion of the first of these points is fonnd in the 
■reviews previously cited,’ and we slndl simply ])oint out that here the 
endocardial lesions were limited to tlie ductus, the pulmonary artery, the 
pulmonic valve, and the wall of the right ventricle. In spite of the 
multiple infarctions of the lungs and the protrusion of vegetations from 
the ductus into the aorta, no sy.stemic infarctions were found. 

The onset of nephritis early in 1932 was not accompanied by clinical 
signs or symptoms. The patient noted nothing jicculiar about the urine, 
and there was no edema. The sudden onset of edema in June was not 
accompanied by evidence of renal failure. 

Clinically, the renal lesion was a typical active hemorrhagic nephritis. 
Pathologically, there was present a diffuse glomeruloneiihritis as well as 
the focal embolic type of lesion finst described by Lohlcin’’ and Baehr.^ 
The interesting discu.«sion of such lesions by Addis and Oliver’’ cannot 
be supplemented here. 
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Segal, Maurice S.: Auricular Fibrillation and Auricular Flutter in the Course 

of Subacute Bacterial Endocarditis. New England J. Med. 212; 1077, 103i5. 

A review of 192 cases of bacterial endocarditis revealed two cases of auricular 
flutter and three cases of auricular fibrillation in the course of subacute bacterial 
endocarditis. One case of auricular fibrillation appeared in the course of acute 
bacterial endocarditis. Tlic ease reports with autopsj' protocols and additional case 
reports from the literature arc included. 

The cases of auricular fibrillation or flutter occurring in the course of active 
subacute bacterial endocarditis all showed evidence of mitral valve involvement 
alone or in combination with the aortic valve. 

In the cases of fibrillation or flutter, when the mitral valve was involved by the 
vegetations, there was found either a normal mitral orifice, mitral regurgitation, or 
moderate mitral stenosis. No cases of severe mitral stenosis were found. The cir- 
cumferences of tlie mitral orifices ranged from 9.5 cm. through 15 cm. 

Terminal circulatorj' failure was found in 50 per cent of the cases of auricular 
fibrillation or flutter in the course of subacute bacterial endocarditis. 

The rave incidence of auricular fibrillation in the course of active subacute bac- 
terial endocarditis cannot be attributed entirely to the rare incidence of revere 
mitral stenosis in this disease. 

The integrity of the myocardium and the underlying physiological and biological 
state would ai^pear to be more closely related to the pathogenesis of auricular 
fibrillation than the grade of mitral stenosis per se. 

Baker, Roger Denio; Endocardial Tuberculosis, Arch. Path, 10; fill, 1935. 

Endocardial tuberculosis is not uncommonly encountered at necropsy, most fre- 
quently as a part of generalized miliary or disseminated tuberculosis. Scattered 
tubercles from microscopical size to a diameter of 3 or 4 mm. may occur in any 
part of the endocaidium, including the valves. They probably arise by implantation 
through the coronary arteries and directly from the blood of the heart. Rarely they 
ma.v be polypoid or pedunculated. 

Endocardial tuberculosis may also develop from the. extension inward of peri- 
cardial and myocardial caseous masses, which may ulcerate and produce generalized 
tuberculosis. With staining for elastic tissue, it can be shown that a myocardial 
tuberculous process bulging into the cavity of the heart but apparently covered 
with a smooth endocardial surface is in some cases really invading the endocardium. 

A convincing report of tuberculous endocarditis as a diffuse process at the line ' 
of closure of the valves, somewhat analogous to rheumatic and pyogenic endo- 
carditis, has occurred in the literature possibly once. In general, however, tuber- 
culosis has no especial affinity for the line of closure and docs not produce throm- 
botic vegetations. 

Endocardial tuberculosis may interfere with cardiac function in the rare instances 
in which caseous nodules involve the valves. 
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Sclerosis of the endocardium and healed fibrous or calcified valvular lesions 
noted at autopsy were not shown to be due to the toxic action of a tuberculous 
process elsewhere in the body. 

Bryan, A. Hughes, Evans, William A., Jr., Pulton, Marshall N., and Stead, E. A., 

Jr,: Diuresis Poliowing the Administration of Salyi'gan: Its Effect on the 

Specific Gravity, the Total Nitrogen and the Colloid Osmotic Pressure of the 

Plasma of Nomal and of Edematous Dogs. Arch. Jut. lUed. 55: 73.5, ‘1D35. 

Studies are reported concerning the effect of tlic diuresis following the admin- 
istration of salyrgan on the specific gravity and the colloid osmotic pressure of the 
plasma in normal dogs and on tliese same factors plus the total nitrogen content of 
the plasma in dogs made edematous by plasmapheresis and by the feeding of salt 
and a low protein diet. 

When salyrgan alone was administered to normal dogs, the diuretic response was 
slight and was not accompanied by aii}^ significant changes in the plasma specific 
gravity or in the colloid osmotic pressure. 

Following the administration of water by mouth, a fall occurred in the measure- 
ments which was not significantly altered when water and salyrgan were admin- 
istered together. 

In edematous dogs salyrgan produced a marked and prolonged diuresis. No sig- 
nificant changes were observed in the siiccific gravity, the total nitrogen content, or 
the colloid osmotic pressure of the plasma before tlie onset of diuresis. Coincident 
with the diuresis, however, a sustained rise in all of these values occurred. 

The findings are discussed in relation to current theories of the action of salyrgan 
as affording no evidence of an extrarcnal action and indicating predominantly a 
direct effect on the kidne.v. 

Stroud, W, D., Livingston, A. E., Bromer, A. W., VanderVeer, J. B , and Gritfith, 

G. C.: The Use of Verodigen (a Digitalis Glucoside) in Cardiovascular Disease, 

Its Biological Assay, and Pharmacological Action. Ann. Int. Alcd. 8: 710, 1034. 

A clinical study of the tlierajieutic eificiency of verodigen — the gitalin glucoside 
of digitalis — has been made upon: (a) five patients with established auricular fibril- 
lation and one patient with auricular flutter, previously untreated with digitalis; 

(b) two patients with regular sinus rhythm and advanced congestive heart failure; 

(c) fourteen patients with established auricular fibrillation, previously controlled 
with whole leaf digitalis preparations or digalen. 

Verodigen was found to control the ventricular rate in established auricular 
fibrillation; to produce clinical improvement, with marked diuresis, in patients ndth 
congestive heart failure and regular sinus rhythm; and to produce in the electro- 
cardiogram S-T interval and T-wave changes, characteristic of digitalis action. 

Careful clinical observation revealed grain of verodigen to be equivalent to 
one cat unit (approximately grains of powdered digitalis leaves). 

The total dosage necessary for optimum digitalization varied from Mg 

grain, administered over a period of five to six days. 

The most frequent adequate maintenance dose of verodigen was ^4^0 grain daily. 

Toxic effects from overdosage with verodigen were similar to those produced by 
whole leaf digitalis preparations. 

The potency of verodigen demands careful observation in its administration, espe- 
cially with patients who have recently been taking any digitalis preparations. 
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Spink, Wesley W.: Cardiovascular Complications of Trichinosis, Arch. Int. iled. 

56: 238, 1935. 

Acute myocarditis occurring in trichinosis may be a nonspecific inflammatory re- 
action due to the invasion of the myocardium by larvae. 

A review of the literature shows that other cardiovascular manifestations include 
congestion and hemorrhage of the eyes, lungs and gastrointestinal tract; edema; 
thrombosis; embolism with infarction; and hypotension. 

Six of eighteen cases of trichinosis (33.3 per cent) showed electrocardiographic 
changes. These changes included an initial flattening or inversion of the T-wave, 
especially in Lead II, the wave subsequently becoming upright; low amplitude of 
the QKS complex, and intraventricular block. 

The postmortem changes in a fatal ease of trichinosis with myocarditis are pre- 
sented. Another case is recorded in which trichinosis was complicated by a permanent 
right hemiplegia. 

Biirwell, C. S., and Plickinger, D.: Obstructing Pericarditis: Effect of Resection 

of the Pericardium on the Circulation of a Patient With Concretio Cordis, Arch. 

Int. Med. 56: 250, 1935. 

A case is reported in which a high degree of obstructing pericarditis wiis present. 
This pericarditis was due to infection of the pericardium with Staphylococcus aureus. 
Removal of a portion of the pericardium was followed by a fall in venous pressure, 
a rise in cardiac output and an increase in xmlsation of the heart. Increased venous 
pressure and decreased cardiac output appe:ir to be the chief mechanisms underlying 
the symptoms and signs of concretio cordis. 

Koucky, J. D., and Milles, G.: Stab Wounds of the Heart: A Study of Electro- 
cardiographic Changes, Polyserositis and Pericarditis, Arch. Int. Med. 56: 281, 

1935. 

A case of stab wound of the heart with recovery is reported. 

Complete electrocardiographic studies and their comparison with similar studies 
show that a Pardee curve, replaced after about ten days by an inversion of the 
T-wave, occurred in all cases. A complete return to tlie normal curve is the rule. 

Our case was complicated by polyserositis, which may have resulted from the 
use of surgical solution of chlorinated soda in irrigating the pericardial sac after 
the development of pericarditis. The mechanism of tlie development of polyserositis 
is discussed. 

Roentgenographic visualization of the pericardial sac after injection of an iodized 
and chlorinated peanut oil was carried out. Tlie pictures disclosed little obliteration 
of the pericardial sac. 

The operation performed without anesthesia or anything more than the most 
cursory attempts at sterility, necessitated by the extreme state of the patient, resulted 
in ultimate and complete recovery. 

Bernstein, Alan: Periarteritis Nodosa Without Peripheral Nodules Diagnosed 

Antemortem, Am. J. :M. Sc. 190: 317, 1935. 

A fatal case of periarteritis nodosa without peripheral nodules, suspected and 
proved by biopsy antemortem, is recorded. The patient’s illness was characterized 
by weakness, emaciation, fever, peripheral neuritis, abdominal pain, edema, oc- 
clusion of a central retinal artery, deafness, vacillating hypertension, tachycardia, 
anemia with leucocytosis and eosinophilia, and changes in the urine. The Wasser- 
mann reaction was positire. Potassium iodide failed to arrest the progressive course 
of the disease. 
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Mention is made of six other cases of imriarteritis nodosa in the tiles of this 
hospital. One of these was .diagnosed at autopsy; a second, at laparotomy. Tlie 
last four were recognized by searching through tlie autopsy material of the depart- 
ment of pathology. 

The significance of some of the symptoms and signs encountered in periarteritis 
nodosa is appraised. Eeasons arc offered to indicate that tlie disease may not he 
quite as uncommon as the paucity of recognized eases would lead one to believe. 

Krahulik, L., Rosenthal, M., and Loughlin, H. E.: Periarteritis Nodosa (Necrotiz- 
ing Panarteritis) in Childhood With Meningeal Involvement, Am. J. lil. Sc. 190: 

308, 1935. 

1. A case of necrotizing panarteritis (periarteritis nodosa) in a girl, aged nine 
years, is presented. 

2. The widespread vascular lesions correspond to the degenerative, inflammatory 
and granulation tissue stages of this .disease, as described by Arkin. 

3. A primary subacute leptomeningitis due to periarteritis nodosa is described. 
No other cases of primary meningitis cither in children or adults have been re- 
ported. 

4. The occurrence of unusual features, such as gastrointestinal ulceration with 
perforation and peritonitis, ulceration of the skin following in.iury, and the oc- 
currence of ocular lesions has been briefly discussed. 

Middleton, W. S., and McCarter, J. C.: The Diagnosis of Periarteritis Nodosa, 

Am. J. M. Sc. 190: 291, 1935. 

From this review of the subject certain deductions regarding periarteritis nodosa 
seem reasonable: 

1. The incidence of the disease probably greatly e.xceeds its recognition clinically 
and pathologically. 

2. The pathology consists of a necrotizing arteritis, subacute and chronic cellular 
and fibrinous exuilation, aneurysm formation, thrombosis, and fibroblastic prolifera- 
tion and repair. The smaller arteries and arterioles arc affected; and degeneration 
and infarction in the areas of supply are common. 

3. Etiologically periarteritis nodosa is probably closely associated with the 
"rheumatic group’’ of diseases. 

4. The tetrad of Meyer and Brinkmann, chlorotic marasmus, pol.vneuritis and 
polymyositis, striking abdominal manifestations (cramps, vomiting, diarrhea, melena 
and perforation), and nephritis, ofTers a logical foundation for the clinical appre- 
ciation and diagnosis of periarteritis nodosa. 

5. Unexplained fever, polymyositis, polyneuritis, and eosinophilia constitute 
peculiar grounds for the consideration of this diagnosis. 

6. Wherever the question arises, recourse should be had to biopsy of accessible 
nodules or voluntary muscle. 

7. Further study may grant diagnostic values to ophthalmoscopy, electrocardiog- 
raphy, and roentgenography of the lungs in periarteritis nodosa, as yet not clearly 
established. 

Friedman, Ben, Eesnik, H. Jr., Calhoun, J. A., and Harrison, T. B.: Effect of 

Diuretics on the Cardiac Output of Patients With Congestive Heart Failure. 

Arch. Int. Med. 56: 341, 1935. 

Diuretic drugs, even when administered to patients with minimal edema, often 
produce marked relief from dyspnea. The vital capacity is frequently increased 
following their administration. 
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Constant effects on the cardiac output have not been observed following the 
administration of these drugs. Occasionally tlie output is diminished. This effect is 
believed to be due to loss of peripheral edema, for the blood supply of edematous 
tissues is, in proportion to their metabolic needs, often relatively greater than the 
blood supply to tlie tissues in general. In some instances the cardiac output is in- 
creased by diuretic drugs. This effect is believed to be dependent on an action of 
these drugs on the heart and possibly to be related to loss of edema from the cardiac 
musculature. In many instances the administration of diuretic drugs is followed by 
no demonstrable change in the cardiac output. In. such instances it is believed that 
the peripheral and cardiac actions of the drugs tend to neutralize each other. In 
favorable circumstances diuretic drugs appear to cause benefit both by tending to 
decrease the load on the heart and by increasing the ability of the heart to carry its 
load. 

Tlie foregoing evidence is interpreted as indicating that diuretic drugs are of 
more than symptomatic value. They should be employed frequently for ambulatory 
patients who have minimal edema or who are suspected of having latent edema. 

Biseman, J. E. F., Gilligan, D. E., and Blumgart, H. L.: Treatment of Congestive 

Heart Failure and Angina Pectoris by Total Ablation of the Normal Thyroid 

Gland: The Sensitivity of Man to Epinephrine Injected Intravenously Before 

and After Total Thyroidectomy, Arch. Int. Med. 56: .38. 1935. 

Studies of the sensitivity of the cardiovascular sj'stem of man to injections of 
epinephrine before and after total thyroidectomy are presented. 

Three aspects of the physiologic action of epinephrine have been studied: (1) 
the sensitivity to epinephrine injected intravenously in patients with normal cardio- 
vascular systems, angina pectoris or chronic cardiac failure; (2) the sensitivity to 
epinephrine of patients with various levels of basal metabolism; and (3) the role 
played by sensitivity to epinephrine in the improvement which occurs following total 
ablation of the tln-roid gland in patients with angina pectoris or chronic heart 
disease. 

Dilute solutions of epinephrine of known concentrations were injected by constant 
intravenous drip, and the responses of the blood pressure, heart rate, respiratory 
rate and depth, consumption of oxj-gen, and blood sugar content were measured. 
Eighty-six studies were made in seventeen subjects. 

The intravenous administration of epinephrine was followed by a definite and 
characteristic increase in the systolic blood pressure, heart rate, consumption of 
oxygen of the body, rate and depth of respiration, and blood sugar content. The 
changes in diastolic blood pressure were variable and not great. 

The responses to a given amount of epinephrine injected intravenously were strik- 
ingly similar when repeated measurements were made in a given subject under con- 
trolled conditions. The responses varied from person to person. 

The response of the sx'stolic blood pressure was closely related to the rate of 
injection of epinephrine and was fouml to be the most valuable single index of the 
patient’s sensitivity to epinephrine. The changes in heart rate, diastolic blood pres- 
sure, consumption of oxygen, and measurements of respiration were not as directly 
related to the dose of epinephrine. Patients with angina pectoris and those with 
congestive heart failure were not more sensitive to epinephrine than patients with 
no evidences of cardiovascular pathologic changes. 

Tlie sensitivity to epinephrine as measured by the aforementioned generally ac- 
cepted indices remained unchanged after total thyroidectomy so long as the basal 
metabolic rate was not lower than minus 30 per cent and the patient was free from 
distressing symptoms of myxedema. 
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Wien marked myxedema develoiicd and tlie basal metabolic rate decreased below 
minus 30 per cent, a decreased response of the blood iircssurc and tlie heart rate 
to epinephrine became manifest in some instances. 

Tlie results of the present investigation show lliat the clinical imi»rovcnicnt which 
followed total ablation of the normal thyroid gland is inde])endent of any changes 
in the sensitivity to epinephrine, no alteration in the response to epinephrine being 
evident at the levels of hyperthyroidism maintained in our jiatients after operation. 

Observations arc presented which provide additional evidence that the relief 
from pain experienced by patients with .angina pectoris immediately after total 
thyroidectomy, when there is no change in the b.asal metabolic rate or in sensitivity 
to epineidirine, is due to the interruption of sensory impulses from the heart to the 
central nervous system. 

Duff, G, L.: Experimental Cholesterol Arteriosclerosis and Its Eelatlonship to 

Human Arteriosclerosis, Arch. Path. 20; 259, 2935. 

Artei'ial lesions which resemble those of human arteriosclerosis can be produced 
in rabbits by the administration of diets containing considerable quantities of 
cholesterol. I have chosen to call this experimental disease of the arteries "experi- 
mental cholesterol arteriosclerosis." The literature bearing on experimental choles- 
terol arteriosclerosis is reviewed in detail. The results of attempts to produce 
arterial lesions by cholesterol feeding in animals other than rabbits are described. 
The data which have arisen from all of these e.xperiments are summarized briefly 
in Section VII of this paper. 

On the basis of these data, the etiology and pathogenesis of experimental choles- 
terol arteriosclerosis in the rabbit are di.scusscd. It is concluded that the presence 
of considerable quantities of cholesterol in the diet with a resulting elevation of the 
level of cholesterol and other lipoids in tlie blood is cssentinl to the development 
of the typical arterial lesions in rabbits. It is sliown, hmvevcr, that hypercholes- 
teremia alone cannot be regarded as the cause of the lesions in tlie arteries. There 
are preliminary local alterations in the walls of the arteries which precede the 
precipitation of lipoids. Evidence is advanced to show that these preliminary 
changes are due to some form of injury to tlie arteries attendant on the experi- 
mental procedure of cholesterol feeding. It is concluded that the occurrence of 
local changes in the arterial walls, due in all probability to injury of some kind, is 
the primary event in the development of the lesions of experimental cholesterol 
arteriosclerosis, an event which is followed subsequently by the precipitation of 
lipoids in the injured areas. 

As a preliminary to the discussion of the signiflcance of the experimental re- 
sults, a comparison is drawn between tlic anatomic lesions of experimental cholesterol 
arteriosclerosis and those of human arteriosclerosis. It is demonstrated that the two 
diseases are not identical and that tliere are a number of important differences be- 
tween them. These differences arc of such a nature as to suggest strongly that the 
role of the lipoids in the development of arteriosclerosis as compared with arterio- 
sclerosis in man. A number of normal differences between the rabbit and man wliieli 
render interpretation difficult and uncertain are pointed out. It is shown that the 
experimental data are not capable of accur.ate interpretation without recourse to 
data on corresponding points derived from the study of human material. With this 
fact in mind, an attempt is made to correlate the data concerning experimental 
cholesterol arteriosclerosis with the available information regarding human arterio- 
sclerosis. The three main factors wliich can be recognized in tlie etiology of experi- 
mental cholesterol arteriosclerosis, namely, cholesterol in the diet, hypercholesteremia, 
and injury to the arteries, are considered in order as regards their possible signif- 
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icance in the etiology of human arteriosclerosis. With full cognizance of the infer- 
ences which have been drawn in the past from the experimental results, the follow- 
ing conclusions are reached for reasons which are given in their appropriate places: 

The results of cholesterol feeding experiments in rabbits do not constitute a valid 
reasb’n for believing that an excess of cholesterol in the diet plays any role in the 
etiology of arteriosclerosis in man. No convincing evidence in support of such a 
belief exists at present. 

Hypercholesteremia is not found with anj- regularity in association with human 
arteriosclerosis. It seems highly probable that arteriosclerosis in man can and usually 
does develop without deviation of the cholesterol content of the blood beyond the 
normal limits of variation. In any event, there is no valid evidence to support any 
otlier conclusion. 

Hypercholesteremia of itself cannot be regarded as a cause of human arterio- 
sclerosis. Although hypercholesteremia, when it occurs, might be expected on 
theoretical grounds to accelerate the development of arteriosclerotic changes which 
have alreadj' been initiated, there is little evidence at present to indicate the existence 
of such an effect. 

The cholesterol feeding experiments provide no valid reason for believing that a 
disturbance of cholesterol or lipoid metabolism plays any part in the etiology of 
human arteriosclerosis. There is no definite or concrete evidence from observations 
on human beings to support the idea. If a disturbance of lipoid metabolism par- 
ticipates in the etiology of arteriosclerosis in man, the fact remains to be demon- 
strated in the future. 

Tile initial stage in the development of human arteriosclerosis consists of local 
changes in the walls of the arteries themselves, changes which are responsible for the 
subsequent precipitation of lipoids in the affected areas. In man, as in the rabbit, 
there is every reason to believe that these changes follow as the result of some sort 
of injury to the arterial walls. As to the cause of this injury, the experimental 
data yield hardly any information which is capable of application in the human 
being. Some possible causes of the arterial injury which have been suggested 
previously and on which the experimental results have some bearing are discussed 
briefly. Brief comment is also made on the influence of age. No definite conclusions 
are reached, since it is clear that the cause of the injury to the arteries which is re- 
sponsible for the development of human arteriosclerosis is unknown. 

Following the initial local injury, lipoids are deposited in the injured intima, 
especially in the intercellular substances. These deposits stir into activity numer- 
ous macrophages whch are attracted to the site and which then engulf a large 
part of the lipoid material. It seems entirely probable that the free lipoid deposits 
can stimulate the proliferation of connective tissue cells in the intima. This effect is 
added to that of the original injury to produce a reparative fibrous tissue reaction 
in the affected areas. If the original injury which initiated the whole process ceases 
to operate, it is probable that the lipoid deposits prevent immediate healing and 
continue to exert their influence so that the lesions persist, progressing slowly. Under 
these conditions, however, it seems likely from the experimental evidence that the 
lipoids may be slowly removed and may even disappear finally, leaving only a fibrous 
thickening of the intima. It is unnecessary to assume that a disturbance of chole.s- 
terol or lipoid metabolism plays a part in any stage of the process. 

This outline of the development of human arteriosclerosis is entirely eonsistent 
with the knowledge derived from the study of arteriosclerosis in man," and at the 
same time it incorporates those inferences which can be drawn with justification from 
the experimental data. It seems to be the most reasonable working hypothesis which 
can be constructed from the evidence available. 
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5. Marked T-wave changes occur before and after thyroidectomy in hyperthy- 
roidism, but they follow no apparent pattern, and their occurrence is unpredictable. 
The T-waves in hyperthyroidism are not characteristically larger than normal, nor 
do they necessarily become reduced in size when the hyperthyroidism is relieved. 

6. T-wave inversion in thyrotoxicosis does not necessarily indicate the presence 
of chronic myocardial disease. It occurs quite frequently as a transient phenomenon. 

7. The electrocardiographic changes seen in patients with toxic and nontoxic 
goiter do not seem to be related to (a) changes in heart size, (b) heart rate, 
(c) postoperative improvement in thyrotoxicosis, (d) duration or severity of thyro- 
toxicosis, (e) age, (f) sex, (g) the state of cardiac compensation, (h) the pres- 
ence of substernal goiter, (i) operative injuries to the recurrent laryngeal nerve, 
(j) the type of anesthesia employed, or (k) the severity of the postoperative re- 
action. 

Altschule, Mark D., and Vook, Marie C.: The Minute Volume Output and the 
Work of the Heart in Hypothyroidism, J. Clin. Investigation 14: 385, 1935. 

1. The minute volume output and the work of the heart are greatly diminished 
in hypothyroidism following total ablation of the normal thyroid gland. 

2. The cardiac output decreases progressive!}' more rapidly than the oxygen con- 
sumption as the basal metabolic rate falls in hypothyroidism. This disproportionate 
decrease in cardiac output is accompanied by a progressive increase in the arterio- 
venous difference. 

3. In most instances the velocity of blood flow was decreased when the cardiac 
output was low. In some instances, however, the velocity of blood flow did not 
reflect accurately the work of the heart. 

4. The venous pressure, arterial pressure, and vital capacity were not significantly 
altered after total thyroidectomy in the patients of this series. 

Arnett, John H.: Vital Capacity of the Lungs: Changes Occurring in Health 
and in Disease, J. Clin. Investigation 14: 543, 1935. 

1. The vital capacity in two consecutive years was determined in a group of 
482 youthful healthy subjects. Deviations from the readings of the previous year 
proved to be decidedly smaller than those from the hypothetical vital capacity as 
calculated from the surface area formula of West. The reading of the previous 
year, therefore, constituted the more reliable basis for vital capacity prediction. 

2. In a group of seventy-four cases of acute bronchitis an average diminution 
from the previously determined healthy figure was noted in both ambulatory and 
bed cases, a more marked diminution occurring in the latter. 

3. The vital capacity is shorni before, during, and after illness, in cases of pneu- 
monia, spontaneous pneumothorax, and cardiac decompensation. These observations 
are believed to be unique. 

Boas, E. P.: Angina Pectoris and Heart-Block as Symptoms of Calcareous Aortic 
Stenosis, Am. J. M. Sc. 190: 376, 1935. 

The syndrome of angina pectoris is common in patients with aortic stenosis. 
It appears to be caused, not by disease of the coronary arteries, but by the nar- 
rowing of the aortic valvular opening itself, which impairs the blood supply to 
both coronary arteries simultaneously. Sudden heart failure in these patients is 
often followed by symptoms simulating coronary thrombosis. 

Auriculoventricular conduction disturbances are also often associated with the 
calcific form of aortic stenosis. Tliese are determined by extension of the calcific 
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process into tlie annulus fibrosus, or ventricular septum. At times a secontlary infec- 
tion of the diseased valve causes heart-block by direct extension into the auriculo- 
ventricular bundle. Isolated aortic stenosis is probably of rheumatic origin. 

Shambaugh, Philip: Circulatory Changes in Angina Pectoris, Arch. Int. IMed. 56: 

59, 1935. 

Experimental .evidence is presented to show that in the dog cardiac pain pro- 
duced by mechanical constriction of the coronary vessels does not cause a significant 
rise in blood pressure. On tlic other hand, the pain response can be precipitated by 
suddenly raising tlie blood pressure in the jiresence of a subminimal constriction of 
the coronary vessels. 

Wolferth, Charles C., Wood, P. C., and (collab.) Bellet, S.: Acute Cardiac In- 
farction Involving Anterior and Posterior Surfaces of Left Ventricle, Arcli. 

Int. Med. 56: 77, 1935. 

A group of ten cases is reported in which the electrocardiographic evidence pointed 
to recent infarction of both the anterior and the posterior wall of the left ventricle. 
Permission for necropsy was obtained in two of tlie cases. In each instance an 
infarct was found involving the lower part of the anterior wall, the apex, and the 
lower part of the posterior wall. 

The electrocardiographic findings Avcrc as characteristic as those of recent in- 
farction limited to the anterior or the po.stcrior wall. 

The recognition of the signs of aculc involvement of both the anterior and tlie 
posterior wall removes a source of confusion in the electrocardiographic localization 
of myocardial infarction. 

Chavez, I,, and Carvallo, J. M. K.: A New Method for Differentiation of Aortic 

and Pulmonary Murmurs, Arch, latino am. de cnrdiol. y licmat. 5: 115, 1935. 

The authors describe a method which allows the dilterentiation of aortic mur- 
murs from pulmonary murmurs, which is useful, chiefly in cases in which the blood 
pressure, x-ray pictures, etc., are not enough to roach this differentiation. 

The method consists in studying the changes undergone by the murmurs under 
the influence of forced inspiration and expiration and of post inspiratory and post- 
expiratory apnea. 

1. Forced inspiration and postinspiratory ajmea produce muflling of the heart 
sounds and murmurs, -especially in the base, with the exception pointed out in the 
fourth conclusion. 

2. Forced expiration and postexpiratoiy apnea, on the contrary, frankly rein- 
force all the acoustic phenomena of the heart chiefly in the base. 

3. For better appreciation of those 2 >l'cuoinena in the base of the heart, the 
authors recommend the left lateral decubitus combined with the postexpiratory 
apnea, which are for the iihenomena of the base what the Pachon's decubitus is for 
those of the apex. 

4. Systolic murmurs of the pulmonary artery, against the general rule, are frankly 
reinforced hy forced inspiration and postinspiratory apnea while systolic murmurs 
of the aorta are muffled by the same, a fact which allows their differentiation. 

5. Diastolic murmurs of the jiulmonary artery arc reinforced with forced ex- 
piration and postexpiratorj' apnea in a gi-eater degree than the diastolic murmurs 
of the aorta which are moderately reinforced. 

6. The reason for -the reinforcement of the pulmonary systolic murmurs seems to 
.be increase of blood flow through the pulmonary artery during forced inspiration. 
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Cossio, Dres P., and Berconsky, I.: Coexistence of S 3 rphilitic Aortic Insufficiency 

and Bheumatic Mitral Disease, Eev. argent, de cardiol. 2; 37, 1935. 

The case is reported of a man forty-three years old who contracted rheumatic 
fever when twentj’-eight and syphilis when thirty-five years old. On the basis of the 
clinical, radiological, and electrocardiographic study, a diagnosis of aortic insuf- 
ficiency and mitral disease was instituted. The etiological diagnosis olfered some 
difficulties on account of the two heart-affecting diseases that the patient suffered. 
A syphilitic aortic process and rheumatic mitral process were finally accepted. The 
autopsy confirmed both anatomical and etiological diagnoses made when the patient 
was alive. The association of a rheumatic mitral .disease with a syphilitic aortic in- 
sufficiency is an exceptional one. 

Cossio, Dres P., and Menendez, E. B.: Phonocardiographic Studies of Total 

Auriculo ventricular Block, Eev. argent, de cardiol. 2: 1, 1935. 

1. Phonocardiograms recorded in cases of total A-V block, including cases of 
auricular flutter, show the occurrence of a sound whenever there is an auricular 
contraction; this auricular sound has usually two components distinctly separated 
one from the other by a sliort interval. 

2. The auricular sound, as shoum phonocardiographically, occurs not only during 
ventricular diastole, but also during ventricular systole, the vibrations being larger 
in the latter case. 

3. The beginning and the first group of vibrations belonging to the auricular 
sound correspond to the auricular systole and are probably due to the increased 
tension of the auricular wall and to the compression exerted on the blood contained 
in the auricular cavity. The fact that the second group of vibrations corresponding 
to the auricular sound occurs after the auricular systole, suggests an extra-auricular 
origin; it may be ascribed to ventricular distention, to a change of position, to 
valvular distention, or to a resonance phenomenon. 

4. When the auricular sound proper occurs synchronically with either the first 
or the second sound, the sound concerned is considerably reinforced. If it occurs 
during the short silence in the vicinity of either one of the ventricular sounds, it 
may resemble a reduplication of any of them. If it occurs early during diastole 
(isometric relaxation or ventricular inflow phases), a sound appears corresponding to 
the final moments of the ventricular inflow phase, similar in its mechanism of produc- 
tion to a summation gallop sound. 

Blackman, S. S., Jr.: Syphilis of the Mitral Valve and Membranous Interventricu- 
lar Septum of the Heart, Bull. John Hopkins Hosp. 58: 111, 1935. 

Two examples of syphilis of the mitral valve and membranous interventricular 
septum are described, occurring together with aortic insufficiency and tj'pical sj'ph- 
ilitic lesions of the aortic valve and aorta. 

The lesions in the membranous septum and mitral valve are directly continuous 
with the syphilitic changes in the root of the aorta and aortic valves. The body 
of the anterior segment of the mitral valve is therefore chiefly affected, and the 
posterior mitral leaflet is relatively unaltered. 

The gross lesions consist of diffuse leathery thickening of the membranous septum 
and great anterior mitral leaf. The left ventricular surface of the affected mitral 
segment and septum may show wrinkling and puckering resembling typical gross 
syphilitic lesions of the aorta. The mitral chordae tendineae are slightly affected. 

Microscopically, gummatous necrose.s or dense vascular scars with perivascular 
round cell inflammation, or both, are found in the middle layers of the membranous 
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septum and the mitral valve. Those lesions, continuous n-ith the syphilitic lesions 
in tho'.mcdia of the aorta, arc overlaid by strata of scar tissue formed especially 
on the left ventricular surface of the valve and septum. Sears and perivascular 
inflammation are found in the wall of the left auricle and in the muscular inter- 
ventricular septum near the insertion of the syphilitic mitral valve and membranous 
septum. 

Mitral lesions were suspected clinically in both of the cases described. Each 
case was characterized by the presence of ])er.sistent cardiac decompensation wliich 
could not be relieved, lastinft for five ami a half months in one case of extreme 
aortic insufficiency, and for a year and a half in the other, in which the aortic 
valve was moderately insufficient. The anatomical chaiifii-s in the mitral v.alve in 
each case suggested some degree of insufficiency, and it is probable that the mitral 
lesions were in part responsible for the degree and persistent character of the cardiac, 
decompensation. 

Clements, A. B.; Isolated Tricuspid Stenosis of Probable Eheumatic Origin, Am. 

J. hi. Sc. 190: ;1S9, IffiSo. 

Tho case of tricuspid stenosis reported ])rosents the following noteworthy features: 

1. Tho extreme degree of narrowing of the tricuspid ostium, resulting in a valve 
grossly resembling a malformation rather than the end-result of an inflammatory 
process. 

2. The absence of involvement of the other valves, excejit for a mitral insufficiency 
and slight sclerosis. 

3. Tho absence of an etiological factor in tho history, except for so-called minor 
rhevimatic manifo,stations. 

4. The finding of Aschoff bodies in tho myocardium indicating the presence of 
rheumatic heart disease. 

3. The indistinguishability clinically from mitral stenosis. 

C. The absence of a pulsating liver and distention of the ccrvie:d veins. 

7. The slight enlargement of the right auricle iu face of the extreme stenosis. 

5. The finding of advanced lesser circulation sclerosis, .apparently an independent 
lesion. 

Levin, E.: Porms of Hypervolemia in Cardiac Decompensation, Bov. argent, de 

Cardiol. 2: 17, 1035. 

The condition of hypervolemia found in cardiac decompensation does not affect 
proportionally the blood corpuscles and the blood plasma. Either one of these 
elements may be predominantly affected, and there can also be mixed forms. The 
existing form is not simply a transient stage, but a well constituted form, inherent 
to the nature of the lesion which led to the cardiac insufficiency. Each hyper- 
volemic variety shows a characteristic picture; intense- dyspnea, mild cyanosis, and 
moderate mechanic edema, in cases of hyi>erplusmia, and tho opposite picture in cases 
of corpuscular hypervolemia. 
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Abnokmai^ Artekial Tension. By Edward J. Stieglitz, M.D., New York, 1935, 

National Medical Book Co., 261 pages with 66 figures. 

This volume is similar to one published, by Stieglitz five years ago, with the 
addition of more recent data. It is a coherent account of arterial hj’pertension and 
reflects the strong personal views of tlie author. The book Contains much informa- 
tion that is of value in the management and understanding of patients suffering 
from hypertension or hypotension and will well repay the practitioner who is willing 
to take the time to read it critically. 

Many opinions are expressed as fact perhaps without sufflcient regard to evidence 
to the contrary. For example, bismuth subnitrate is recommended categorically, 
and literature references arc given only to papers of the author, who originated 
the treatment. Charts are presented which indicate a marked fall in arterial pressure 
on its administration, but no control period before treatment is shown. Other ob- 
servers have not been convinced of the value of this treatment, and their views might 
well have been mentioned. 

No attempt has been made to include the original, or indeed in many cases the 
most important, literature references. Whether this is justified or not, it leads to 
curious allocation of credit. Quite unconsciously it has also led the author to undue 
citation of his oum publications. For example, much had appeared in the literature 
on the amyl nitrite test before Stieglitz ’s publication in 1930. 

The theories offered as to the genesis of lij'pertension are interesting and thought- 
provoking but cannot be generally accepted as satisfying. It is possible that irri- 
tation leads to spasticity, to hypertrophy, to more spasticity, to muscular fatigue, to 
muscular hyperirritability, to more spasticity and so on, but the proof of it is neither 
given nor discussed. Stieglitz presents theories in such an enthusiastic and Con- 
vincing manner that the unwarj^ are likely to accejit them as fact. In another edi- 
tion of his book he might perform an invaluable service by indicating, in marginal 
notes, problems which are worthy of careful clinical study to prove or disprove his 
contentions. 

In many places in the book he is admirably exact in his statements, but in others 
he lapses into obscurities which might easily be clarified. The value of the book to 
the practitioner might be enhanced by more detailed discussion of a number of 
statements of fact. Thus he states, “A severe proteinuria raises the specific gravity 
of urine, and it is important that the specimens be at or about 21°C. when ex- 
amined.” It might have been helpful to state how corretetion is made for the pro- 
teinuria to ascertain the nonprotein specific gravity. Again he states in reference 
to urea and creatinine clearance tests, “The interpretation of tlie results is not 
always clear,” which may mean almost anything. Dosage of drugs are not given 
in many cases. 

Stieglitz has a low opinion of surgical procedures designed to alleviate and to 
. clarify the mechanism of hypertension. He dismisses them in two and one-half 
pages. Time alone will tell whether he is correct as regards therapeutic value, but 
their contribution to knowlege of the mechanism of hypertension should not be un- 
derrated. 


993 



THE AMERICAN HEART .70URNAE 


994 : 

While there are many suggostionH ami criticisms a reviewer might make, work 
by Sticglitz is always welcome as stimulating, interesting, liiglily individualistic, 
and thoroughly worth the time required for reading. He does not hesitate to say 
what he thinks, and a wholesome atmosphere will be created when others express 
their opinions equally whole heartedly. 

r. H. P. 


ViER, Von,LEsuN(!EN' IbiKii Ktf Ki.si.Ai-FKitAKOKN'. Hy Doctor Druno Kiseh, rrofc.s.sor of 
Pliysiology at the University of Cologne. Paul Ku.sehbiwt, Kiiln, lO;!-}. 

Tliis little volume of sixty-four pages contains four lectures by tlic .'luthor uj»on 
timely subjects relating to the physiology and pathology of the circulation, and based 
chiefly upon his own experimental work. The subjects of the lectures are; “Circula- 
tion and ^lefabolism,” “Humoral Blood Changes in t^irculatory Failure,” “The 
Circulation and the Autonomic Nervous System,’' .nml “The Irnuliation of Autonomic 
Beflexes. ” 


L. A. V. 
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Original Communications 


THE DEVELOPMENT OP MITRAL STENOSIS IN 
YOUNG PEOPLE 

With a Discussion op the Frequent Misinterpretation op a 
Middiastolic jMurjiur at the Cardiac Apex’^U 


Edward P. Bland, M.D., Paul D. White, M.D., and 
T. Duckett Jones, M.D. 

Boston, Mass. 


A GROSS discrepancy between the clinical diagnosis of rheumatic 
mitral stenosis and the actual alterations found post mortem 
has occurred in our expei'ienee with sufficient frequency to cause us 
to study this particular problem. The error in diagnosis has been 
eominitted most often in young individuals dying relatively early 
after the onset of severe rheumatic fever. It became evident as this 
study progressed that an important source of error was the general 
unqualified acceptance (in the absence of free aortic regurgitation) 
of a mid or late rumbling diastolic murmur at the cardiac apex as in- 
dicative of mitral valve obstruction (stenosis). Since this murmur 
may appear during the first few weeks after the onset of rheumatic 
fever, evidence to be of value in arriving at a correct interpretation 
of its clinical significance must be obtained largely from post-mortem 
observation on patients dying at various early intervals after the 
onset of the disease. Furthermore, it seemed to ns iirobable that this 
method of apprbaeh would contribute considerable information re- 
garding the often repeated question as to the length of time required 
for the development of important deformity and stenosis of the mitral 
valve. Previously published reports are of little value in this eon- 


‘From the ilassachusetts General Hospital and the House of the Good Samarlt.-in 
Fum°"inc^^**' latter institution are flnanced by the Commonwealth 

.lorl^y.*' Jwe‘\f American Heart Association in Atlantic City, Xmv 
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nection since the majority of clinical and pathological studies are 
concerned largely %vith older patients and, hence, witlx long-standing 
rheumatic valvular disease. 

In the pi’esent communication we are presenting clinical and post- 
mortem observations on a group of 100 young individuals wilb rheu- 
matic heart disease. The series is of sufficient size to warrant certain 
conclusions as to the evolution of rheumatic valvular disease in gen- 
ei'al. Special attention has been directed to the development of 
miti’al valve deformity and stenosis. An evaluation of the low pitched 
rumbling diastolic mui'inur frequently heax'd at the cai'diac apex and 
often misinterpreted in such patients is included, together with a 
discu.ssion of the factoi-s probably x’c.sponsible for its production. 

POST-MORTEM UATA 

Our material has been assembled from two sources and consists of 
the neeropsj’' findings and clinical records of 100 jxatients twenty-one 
years of age or younger who showed at post-mortem examination 
changes in the heai*t genex'ally atti’ibuted to x’heumatic fever. Seventy- 
two of this series constitute the total number which occurred among 
7,600 autopsies performed at the Massachusetts General Hospital dur- 
ing the years 1898 to 1935. The remaining twenty-eight I’epresent a 
similar age gi’oup from the necropsy material at the House of the 
Good Samaritan in Boston, where over 1.200 patients with active 
rheumatic fever or chorea have received prolonged institutional care 
and intensive clinical study during the pa.st fifteen years. We have 
purposely confined the investigation to this special and hence nu- 
merically limited group of young people for reasons already dis- 
cussed. This group also represents the age at which I'hcumatic fever 
most frequently occurs and here one may expect a greater degi’ce of 
accuracy in determining the onset and subsequent coiu*se of the dis- 
ease than is possible in older patients in whom the details of the 
original infection have been either entirely forgotten or obscured by 
the passage of years. 

A recrudescence of rheumatic infection was the outstanding cause 
of death in this series and -was dii’cctly responsible for the fatal issue 
in eighty-five instances. Postoperative complications accounted for 
five more deaths, in three of which there was post-mortem e'sddence 
of active rheumatic disease also. Subacute bactei’ial endocarditis 
caused four deaths, and an acute bacterial endocarditis together vnth 
septic disease elsewhere in the body was responsible for three othei’s. 
Tuberculous meningitis, t 3 ’phoid fever, and multiple pulmonary ab- 
scesses, respectively, killed the remaining three patients. Tlie aver- 
age age at death for the entire group was thirteen years, 
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RELATION OF THE DURATION OF THE DISEASE TO THE DEGREE OF 
MITRAL VALVE DEFORIMITY 

The interval from the onset of rheumatic fever to death, and the 
resulting alterations found post mortem in the mitral leaflets have 
been summarized in Table I. It is to be emphasized that the probable 
duration as obtained from the clinical records represents a minimal 
figure, and, where inaccuracies occur, the error is such that the dura- 
tion of the disease is actually longer than indicated. 

Table I 


Structural Alteration of the Mitral Valve and Duration Since Onset of 
Rheumatic Fever — 100 Cases 


GROUP 

1-6 

MO. 

6-12 

MO. 

1-2 

YR. 

2-5 

YR. 

5+ 

YR. 

? 

TOTAL 

I. Deformity with 
anatomical stenosis 

0 

1* 

2 ' 

i 

8 


0 

23 

II. Deformity without 
anatomical stenosis 


0 

■ 

8 


0 

25 

III. Slight thichening, 
no deformity 

4 i 

6 

B 

6 

4 i 

3 

30 

W. Fresh vegetations, 
no thichening or de- 
formity 

16 

1 


■ 

0 

0 

0 

20 

V. No vegetations, no 
thickening or de- 
formity 

0 

H 

■ 

0 

It 

0 

2 

1 

Total cases 

20 

12 1 

i 16 1 

22 

27 

3 

100 


•See text for details about this case. 
tModerate aortic valve deformity. 


For the purpose of this study the entire series has been arranged 
in five groups according to the extent of gross alteration found in 
the leaflets of the mitral valve. Those instances in which the scarring 
was extensive enough to produce any actual narrowing of the mitral 
orifice liave been placed in Group I. In Group II we have listed the 
cases which showed extensive scarring and gross defoi’mity of the 
valve curtains, but no anatomical stenosis of the orifice. It is of 
interest that the circumference of the valve ring as measured along 
the free edge in the majority of this group was actually greater than 
an arbitraiy normal figure of 8.5 cm. However, the degree of mechan- 
ical handicap imposed upon the heart appears to have been essen- 
tially of the same order in this group as in those patients who had 
actual stenosis of the orifice. A review of the clinical course and a 
comparison of the heart weights at necropsy for the two groups sup- 
port this impression (Table II). Group III on the other hand is 
composed of those patients who showed on gross examination very 
slight thickening of the mitral leaflets usually along the free edge 
v ithout fusion of the eusps but often with minute fresh vegetations. 
It is probable that in the majority of this group the functional handi- 
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cap to the heart, directly the result of the Talvular deformity, was 
extremely slight. This is supported by the considerably lighter weight 
of these heai'ts as compared with that of Groups I and IL Here and 
in the subsequent two groups we have reason to believe that the 
valvular involvement per se played no important role in the course of 
the disease. 

Table II 


CosiPAKisoN OF Heart Weight Witu Duration and Degree of 
Mitral Yalve Deformity 


group 

NUMBER 

CASES 

AVERAGE 

AGE AT 
DEATH 

DURATION 

SINCE 

ONSET 

HEART 

WEIGHT 
(93 CASES) 

I. Deformity witli anatomical 
stenosis 

2.3 

IG yr. 

G.3 yr. 

480 (2.0)1 

II. Deformity without anatomical 
stenosis 

25 

14 yr. 

5.0 yr. 

470 (2.4) 

III. Slight thickening, no de- 
formity 

30 

14 yr. 

2.8 yr. 

350 (1.8) 

IV. Fresh vegetations, no thicken- 
ing 

20 

11 yr. 

5.0 mo. 

269 (2.0) 

V. No vegetations, no thickening 

1* 

4 yr. 


200 (2.7) 

Total group 

99* 

33 yr. 

3.C yr. 

395 (2.5) 


*The case with aortic regairgitation and no mitral valve lesion omitted. 
tThe figures in parentlieses represent weight times normal corrected for age. 


In Group IV the only macroscopic evidence of valvular alteration 
was the presence of an active rheumatic endocarditis manifested by 
a row of minute pinkish gray vegetations along the line of closure. 
In this group there was no vahuilar deformity. 

Group V consists of only two patients in whom at necropsy there 
was no demonstrable change of any sort in the mitral curtains. Each 
is of unusual interest and worthy of special comment. In the first 
instance listed in column 2 of Table I, the clinical coui'se was typical 
of severe rheumatic infection in a boy four years of age. There had 
been acute arthritis at the onset followed by ill health, cyclic bouts 
of fever, multiple rheumatic nodules, and finally a severe exacerba- 
tion with pericarditis, general venous congestion and death at the 
end of eight months. Apical .systolic and diastolic murmurs usually 
considered pathognomonic of mitral valve deformity (stenosis and 
regurgitation) were present throughout the illness. At post-mortem 
examination the heart showed the usual gross dilatation, but the in- 
teresting and surprising finding was an entirely normal appearance 
of the valve leaflets of all four orifices. Careful scrutiny with a hand 
lens revealed no gross evidence of disease and no vegetations. His- 
tological sections of the myocardium, however, showed changes typi- 
cal of severe rheumatic carditis. It is of further interest in this con- 
nection that Garber’^ has recently collected from the literature seven- 
teen similar eases of extensive rheumatic myocarditis without gross 
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evidence of valvulitis, to which he has added another case of his own. 
We will have occasion to comment upon this patient again in connec- 
tion with a discussion of the significance of apical diastolic murmurs 
in the absence of important mitral valve deformity. The second case 
in this group and listed in column 5 of Table I is of interest in that 
there were present moderate scarring and deformity of the aortic 
cusps of rheumatic origin without evident disease of the mitral valve. 
No miti'al diastolic murmur had been heard in this instance. 

Of the thirty-two patients who died during the first year after the 
onset of rheumatic fever the majority (twenty) showed minute ver- 
rucose vegetations along the line of closure but no other alteration 
of the mitral leaflets upon macroscopic examination. In ten instances, 
and usually toward the end of the first year, there was present in ad- 
dition to verrueose vegetations slight thickening of the free margins 
of the mitral curtains associated with some shortening and thickening 
of the chordae tendineae. Actual deformity, if present, was minimal. 
The two remaining eases were unusual. One of them has already 
been commented upon in that no evident valvular involvement was 
present. The final instance of those who died within the first year is 
exceptional. Well-marked stenosis of the mitral valve was present. 
In this instance the clinical record, which appeared to be entirely 
adequate, indicated no symptoms of ill health prior to the onset of 
typical rheumatic fever nine months before death. It appears sig- 
nificant, however, that well-marked rheumatic heart disease was 
present when the patient was examined on the second day after the 
onset of the symptoms of rheumatic fever. At post-mortem examina- 
tion the mitral orifice showed advanced stenosis admitting only the 
tip of one finger. In view of the consistent relationship between the 
duration of the disease and the resulting valvular deformity for the 
remainder of this group, it is probable that in this apparently excep- 
tional instance the actual onset of active disease antedated by many 
months the appearance of clinically recognizable symptoms of rheu- 
matic fever. Of this, however’, rve have no proof. 

It is apparent also from Table I that after the first year and often 
becoming more extensive during subsequent years the structural 
alterations of the mitral leaflets assume increasing importance. Al- 
though considerable deformity may develop during the second year, 
scarring of sufficient extent to produce stenosis at the mitral orifice 
is rarely present before the third year. Thereafter the majority in 
our series (38 out of a total of 52) had developed valvular deformity 
either with or without actual stenosis of sufficient extent to contribute 
a considerable mechanical handicap to the functional capacity of the 
heart. 
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IXCIDEKCE AND KX'J’ENT OE COMBINED VAEVUEAR EESIONS 

Tabic III indicates the relative fi'cqnency of valvular lesions. These 
pathological findings are in close agreement vitli the experience of 
Coombs" published in 1924, as well as with the figures of others derived 
from post-mortem findings in adults. In general it is true tliat wlien 
rheumatic endocarditis is present, the mitral valve is involved. One 
exceptional instance of aortic without mitral involvement has been 
noted. When combined with other valvular lesions the mitral in- 
voh’ement is the greatest in extent; later, in adult life, tibrotic changes 
and calcification may alter this relationship. The association of 
mitral and aortic valve injury occurred in forty-five instances, or al- 
most half the total series. The mitral, aortic, and tricuspid valves 
were involved in twenty instances; all four valves were injured five 
times, while the mitral and tricuspid valves were involved without 
other valve le.sions in five instance.s. 


Table III 

IxcinEN'CE or Valve Inmury 


TOTAL 

.\riTRAL 

AORTIC 

TIUCL’.SMD 

rULMOXAUV 

1 NO.S'E 

100 

P8 

71 

31 

r> 

1 


Calcium deposits were present in the mitral valve ring in ten in- 
stances and were invariably associated with gross deformity, con- 
sisting in eight cases of marked stenosis of the orifice. These patients 
repi’esented an older group, the youngest being fifteen years of age; 
the average duration from the onset of the disease to the time of 
death was fifteen years. 

From a consideration of the data discussed above and summarized 
in Table I it is clear (1) that the evolution of the eaidy alterations 
in the raiti'al cusps as a result of rheumatic fever follows a consistent 
course, and (2) that the development of important scarring and de- 
foi’mity of the mitral valve requires a considerable length of time. 

CEINICAE OBSERVATIONS ON THE SO-CALEBD CHARACTERISTIC SIGNS OP 

JIITRAE STENOSIS 

A low pitched rumbling, or less often blowing, murmur in mid- 
diastole or late diastole (often crescendie in character) heard with 
maximal intensity in the vicinit 3 ’- of the cardiac apex in the absence 
of free aortic regurgitation is generally considered indicative of 
mitral valve obstruction sufficient to warrant a clinical diagnosis of 
mitral stenosis. Puifhennore, the presence of an accompanying dias- 
tolic thrill or, if the heart i’h 3 d;hm is noi’mal, of a presj'stolic thrill 
ending abruptfv with the shock of an accentuated fii’st sound, com- 
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pletes our clinical concept of tlie classical signs of tlie more pro- 
nounced cases of tMs lesion. Austin Flint® pointed out in 1862 that 
occasionally an apical middiastolic or presystolic murmur may be 
found with free aortic regurgitation in the absence of disease of the 
mitral valve. In 1923 Wood and White^ expressed the opinion that 
“diastolic murmurs may occur in certain large heai’ts with normal 
valves and lead to a false diagnosis of mitral stenosis. Left ventricu- 
lar dilatation of high degree seems to be the main factor in such cases, 
and may perhaps also explain the Austin Flint murmur which is heard 
onlj’’ in certain eases of aortic regurgitation.” 

It has been enlightening to review the structural alterations found 
post mortem in those of our eases in which mitral stenosis had been 
diagnosed clinically. In our total series of 100 cases mitral stenosis 
(with regurgitation) was considered to be present in sixty-eight in- 
stances on the basis of a rumbling mitral diastolic murmur (and of 
a. blowing systolic murmur) best heard at the apex of the heai't. In 
addition to the murmurs, an accompanying diastolic thrill was also 
present in thirty of this group. No instance of so-called “pure” 
mitral stenosis was encountered. (See Table TV.) 

Table IV 


Comparison of the Incidence of Mitral Diastolic Murmurs and Thrills With 
the Degree of Mitral Valve Deformity 


GROUP 

NUMBER OF 
CASES 

MITRAL 

DIASTOLIC 

MURMUR 

MITRAL 

DIASTOLIC 

THRILL 

I. Deformity vritii siivatomieal 
stenosis 

, 2i5 

I 21 (91%) 

13 (56%) 

II. Deformity without anatomical 
stenosis 

> 25 

19 (76%) 

8 (33%) 

III. Slight thickening, no deformity 

30 

IS (60%) 

4 (13%) 

rv. Fresh vegetations, no thicken- 
ing ^ 

20 

9 (45%) 

5 (25%) 

V. No vegetations, no thickening! 

2 ^ 

1 ’ 

0 


It is a sticking fact that of these sixty-eight cases with mitral diastolic 
murmurs onlj^ twenty-one (less than one-third) actually had anatomical 
stenosis of the mitral orifice. In nineteen additional cases, however, there 
were present extensive wrinkling and gi’oss deformity of the cusps but no 
real stenosis; in fact, frequently the valve circumference was equal 
to or even greater than normal. The remaining twenty-eight cases 
had either no deformity or at most minimal thickening of the free 
margin of the valve curtains. Furthermore, in only two of these 
tv ent\ -eight instances was there also an incompetence of the aortic valves 
of sufficient degree to suggest that the mitral diastolic murmur might 
have been an Austin Flint phenomenon. These figures appear even 
move significant when one considers that the patients were observed 
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clinically in two institutions where eardiovascular disease, and es- 
peciallj'’ the rheumatic type, receives intensive and specialized study. 

There must exist then other and important factoi’s common to this 
group which offer a more satisfactoiy basis for the physical signs of 
apparent mitral stenosis where such does not actually exist. In each 
ease there was present severe and relatively recent rheumatic infec- 
tion, and marked cardiac enlargement was evident clinically, together 
with the common post-mortem findings of an hypertrophied and 
markedly dilated heart with a flabby ventricular wall and the his- 
tological picture of diffuse rheumatic myocarditis. Although the 
valve rings usually share in the general dilatation, their struetiu'e is 
relatively rigid, and the dilatation of the cardiac cavities is in pro- 
portion con.siderably greater. Whether the true explanation of the 
signs of apparent mitral stenosis in these eases is that of a relative 
stenosis of the orifice in relation to the dilated ventricular cavity, or 
if vibrations set up by the dia.stolic filling of a capacious cavity with 
relaxed and relatively atonic walls are responsible for the rumbling 
mui'mur and the occasional thrill, or if there is a combination of these 
factors, we are not prepared to say. Of some interest in this con- 
nection is the absence of a comparable dia.stolic murmur in adults in 
whom with onset of weakness, dilatation, and failure of the left ven- 
tricle following long-standing hypertension, aortic valve disease, or 
recent coronary thrombosis with myocardial infarction a Ioav dull 
sound in diastole may occur and give rise to a gallop rhjffhm. The 
explanation of this difference is not as yet clear. Furthermore, Eng- 
lish physicians in the Indian IMedical Service have called attention 
to the fact that severe ankylostoma (hookwoi-m) infection in native 
children often results in a severe aiiemia (1.5 to 2.0 million red cell 
count) and marked cardiac dilatation accompanied by the signs of 
congesth^e heart failure. Typical and pronounced apical systolic and 
diastolic (presystolic) murmurs often occur iji these cases showing 
marked cardiac dilatation. Upon treatment and cure of the infection the 
heai't returns to normal size and the murmurs completely disappear. 
Grmewardene^ in 1933 remarked upon the freciuency Avith Avhich a 
diagnosis of mitral stenosis has erroneously been made in such in- 
stances. In three of his recorded cases the heart returned to normal 
size, and the murmurs disappeared in re.sponse to treatment. In the 
fourth instance a post-mortem examination rcA'ealed a dilated heart 
Avith a pale and fatty myocardium but no vahmlar disease. The 
author belicAmd a “relatiA’’e stenosis” Avas the most likely explanation 
for the murmurs erroneomsly interpreted as those of mitral stenosis. 

DISCUSSION 

It is evident that Avith seA^ere and recent rheumatic infection in 
childhood Avhen Avell-marked cardiac enlai’gement (dilatation) is 
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known to have occurred within a few months, the presence of a 
rumbling sound or short blowing murmur in middiastole or late 
diastole in the vicinity of the cardiac apex in addition to the usual 
systolic murmur cannot be considered pathognomonic either of mitral 
stenosis or of any other extensive valvular deformity, but is depend- 
ent fundamentally upon severe myocardial disease. This appears to 
be true even in the presence of an accompanying diastolic thrill and 
is further supported by our other data recorded above which indicate 
that a minimum of two or more years must elapse before important 
valvular deformity occurs. The presence of minute rheumatic vegeta- 
tions in most of the early eases suggests, however, that ultimately in 
the course of several years fibrosis and deformity of the mitral valve 
might have developed to a sufficient extent to have justified our 
original (but incorrect) clinical diagnosis at the time of the acute 
illness. 

In addition to these clinically as Avell as pathologically observed 
cases, we have encountered thirty-two instances out of a total of 950 
patients with rheumatic heart disease who at the time of their acute 
rheumatic fever showed cardiac enlargement and “mitral diastolic 
murmurs” which were wrongly attributed to mitral stenosis and 
regurgitation as previously discussed. Four of this group had a cor- 
responding diastolic thrill in addition to a diastolic rumble. At the 
present time after an average follow-up period of over eight years 
since the original infection this group of thirty-two patients have clini- 
cally normal hearts without murmurs or enlargement. They doubtless 
represent clinical counterparts of the occasionally obseiwed pathologi- 
cal instances of rheumatic carditis without valvulitis. Further ob- 
servations on the regression and disappearance of the physical signs 
of rheumatic heart disease are now in progress and will be reported 
at a later date. 

It is to be added, however, that an apical middiastolic rumbling 
munnur, as well as the longer murmur with presystolic accentuation, 
often does mean real mitral stenosis even in childhood, and in some 
of our older children mitral stenosis rather than ventricular dilatation 
was responsible for this murmur. The less the evidence of active 
infection and of cardiac dilatation, the more significant of mitral 
stenosis is the mitral diastolic murmur. Especially is this the ease in 
adults. 

In closing, it may be suggested that the presence of a mitral mid- 
diastolic murmur first appearing from a few days to several months 
aftei the onset of an acute rheumatic infection may be taken to mean 
myocardial rheumatism and left ventricular dilatation and perhaps 
actually serve as another sign of activity of the rheumatic state. 
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From a clinical ami jiost-inorlcm Ktiidy (4* lOt) yotmtr jiaticntK it has 
hccn slunvn that : 

1, Th(' evolution of rlnminatic involvement of the mitral valve foh 
lows within limits a consistent eotirse. 

2. Tin* nllimate development of extensive valvular deformity either 
with or without aettial stenosis of the mitral orifice prohjthly rerpiires 
a minimum of two years and in most insuuiees a eonsidernhly lontrer 
period of lime. F/XC(>pl ional eases have heen noted. 

2. 'J’he sijrnitieanee of a mitral <liastolie murmur presi'uf durino the 
course of active rheumatic fever has heen disenss*'tl. Kvidejutc is pre- 
sented to .show that in certain circumslanees it is not «-hiiraeterislio 
of mitral stenosis, ^ryocarfiinl weakness ami v. ‘utricular »Iilatation 
ap]iear to he respoiisihle in lljese rases for its product it»n. 
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THE INFLUENCE OP THE HEAT REGULATORY MECHANIS]\I 
ON RAYNAUD DISEASE*! 

IlERirAN E. Pearse, Jr., M.D. 

Rochester, N. Y. 


R aynaud, in the description of the disorder! that bears his name, 
ascribed its etiology' to “a fanlt of vasomotor innervation,” and 
felt that it “onght to be considered as a neurosis characterized by 
enormous exaggeration of the excitomotor energy of the gray parts 
of the spinal cord which control the vasomotor innervation.”^'’ This 
conception was so well founded on clinical observation that its ac- 
ceptance was universal. It was never questioned until the observa- 
tions of Lewis^ and Kerr led them to believe that the condition was 
due to a local fault which “displays itself in hypersensitivity of these 
vessels to relativelj’’ low temperatures.” This hypothesis was so 
divergent from the generally accepted view that it caused renewed 
intei'est and experimental research into the fundamental character- 
istics of the disease. This resulted in the demonstration that, in some 
cases at least, the hypersensitivity of the vessels to cold was the pri- 
mary fault. But those who challenged this view pointed out that in 
manj’' cases the vascular spasm induced by cold was relieved by block- 
ing the vasoconstrictor nerves. They contended that only in advanced 
eases of the condition Avas the local fanlt to cold effective. It Avas 
admitted that exposure of the extremity to cold Avould induce an 
attack, but it Avas felt that the cold Avas merely a stimulus which ex- 
cites an oA^eractWe response of the vasoconstrictor nerves. 

As eAudence accumixlates, it appears that both of these vieAVS are 
correct. The difference exists in the reaction of indmdual patients. 
Some have a vasomotor neurosis that is relieved by blocking the 
Amsoconstrictor nerves. In others, sympathetic denervation has only 
a slight effect and will neither preAmnt nor relieAm attacks of Amscular 
spasm in the extremity subjected to appropriate degrees of cold. In 
both, Avhether it is primai-y or secondarj’-, there is hypersensitiAuty to 
cold. 


Emotional factors form another influence that calls forth an exag- 
gerated response. In the normal pei-son, emotion produces peripheral 
vascular changes. ^Ye speak of the “pallor of fear,” the “blush of 


*]^om the Department of Surtrorj-, The University of Rochester. School of Medicine 
and Denti.str>-, Rochester, Xew York. ul lucuicme 

tRcad before the Americ.an Heart Association. Atlantic City. June il. 1935. 
tThe term ' Raynaud’s disease” is used in its commonly- accepted sense to denote n 
so%erc idiopathic vasosp.astic condition of the extromitie-s. It mav yell be a s\anutom 
complex rather than a disease entity. ■ ^ s>anptom- 
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emban-assment, ” or of an .apjn-eliensive person having “cold feet." 
Yet attacks of pallor, cyanosis, and pain do not occur in the ex- 
tremities of normal persons as they do in patients with Raynaud's 
disease, in spite of the fact that the emotional stimulus may be the 
same in both. Nor does cold play a part here for these vasospastic 
attacks from p.sychic disturbance occur when the extremities are 
warm. 

Recently Smithwick, Preeman, and White’'' have made the impor- 
tant obsciwation that after sympathetic denervation the part beeome.s 
sensitixed to epinephrine. They record the striking example of gan- 
grene in such a sensitized extremity resulting from ■ emotional dis- 
turbance. This was apparently due to excessive vasocon.slriction 
induced by the patient’s circulating adrenin. 

There is evidence to .support the view that the peripheral vessels 
in Raynaud's syndrome may be liypersensitivc to cold, to va.somotor 
impulses, to emotion and. after .sympathectomy, to epinephrine. This 
being true, it is possible that any normal stimulus may give an exag- 
gerated vascular response, Tt leads to the conception that there is 
a local abnormality which causes an excessive reaction when normal 
stimulation is applied. If this were the ease, then it is reasonable 
to .suppose that body heat regulation would have influence, for this 
is one of the most important functions of the peripheral vasomotor 
mechanism. The skin of the extremities makes up about 65 per cent 
of the body surface. Its ve.ssels are frequently constricting or dilat- 
ing to perform the thermoregulatory functions of heat conservation 
or dissipation. With slight alteration of body temperature there is 
normally a wide fluctuation in that of the extremities."’’"' Conse- 
quently. if the peripheral vessels in Raynaud's disease are hypersen- 
sitive to normal stimuli, then alteratioii in body temperature should 
induce or relieve attacks of vasetdar spasm. The following experiments 
were designed to test this. 


METHODS 

Four typical patients with Raynaud’s syndrome who had previously 
been studied by Morton and Scott” Avere readmitted. Tavo had seA'ere 
cases of long standing. One of these had had loss of tis.sue from 
trophic changes. The ma.iority of the studies Avere conducted Avith 
these eases. For the sake of comparison, the other tAvo cases chosen 
Avere less severe, their attacks Avere not as painful nor as prolonged 
as in the severe cases and could be abolished by nerve block. 

Observations were made in a constant temperature room at 19° to 
21° C. Skin temperature readings AA'^ere obtained Avith the derma- 
therm.’^ 
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.The First Qnestion.~lt the hands are kept warm and the body 
cooled, will vascular spasm occur? 

The hands may be warmed by covering them with blankets, a warm 
box, warm water, or electric pads, leaving the finger tips exposed for 
temperature readings. The body may be cooled by exposure to cold 
air as in an ice box, by a cold bath, or by drinking large amounts 
of ice water. 

Experiment I.— April 3, 1935. Subject F. B. S.M.H. 3S360 (severe case). Boom 
temperature 21.1° C. 

The patient came to the constant temperature room from the division. The hands 
were slightly blue but not deeply cyanotic or painful. Preliminary temperature 
readings showed the digits to be 21° C. at 11 a.m.; the hands and forearms were 
placed in water at 42° C., the finger tips being exposed for temperature readings. 
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Fiff. 1. — If the hands are kept warm, cooling the body causes vascular spasm in 
these extremities. The hands were warmed in water at 42° G. until they reached the 
vasodilatation level. The body was then cooled by drinking 1,200 c.c. of ice water. 
Tills caused a fall in the temperature of the finger tips and the onset of an attack 
of vasospasm with pain and cyanosis. 

At 11:30 A.M. the temperature of the digits had risen to 30.2° C. The hands were 
pink; there was slight perspiration of the face; and the patient felt warm. At 
11:45 ho drank 1,200 c.c. of water at 10° C. This caused an immediate decline in 
the temperature of the fingers. At 12:05 he complained of feeling cMlly. At 
12:15 the hands became cyanotic. The temperature of the fingers was 23° C. Within 
ton minutes the temperature had fallen to 21° C. and there was vascular spasm with 
cyanosis and pain (Fig. 1). 

I find one mention of a similar experiment. Simpson, Brown, and 
Adson'- report their experience with two cases. In one, the patient, 
with hands wrapped in a blanket (temperature of fingers 33.4° C.), 
was left in an ice chamber at 2° G. for five minutes. In spite, of the 
warmth of the hands, vascular spasm occurred. In another, the hands 
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were submerged in water at 38° C. and the patient was placed in the 
ice chamber for thirty minutes. Exactly the same result occurred. 

It would appear that even with the hands warm, attacks of vaso- 
i5pa.sm may be induced by cooling the body. 

The Second Question . — Will warming the body I’clieve vasospasm 
of the extremities? 

This has already been answered in tlie afiirmative by Lewis and 
Pickering.® They state that “it is clear tliat warming the body in 
Raynaud’s disease will release digital arteries previously held con- 
stricted by cold.” In their experiments a eliamber heated with carbon 
arc lamps was used to warm the body. Other methods are the \ise 



rig'. 2. — ■unarming tlie body ■will I’clievc an attack of vascular spasm even thougii 
the hands remain in a cool environment. In this experiment the subject’s hands %vere 
verj' cyanotic and painful. She drank 1,000 c.c. of soup at 45° C. Tvlth resultant in- 
crease in temperature of the fingers and relief of the vasospasm. Other forms of 
warming the body, as by external heat, have the same effect. 

of hot baths,* diathermy’’, wrapping the body in blankets,® or the drink- 
ing of hot liquids. That the latter will produce the effect is shown 
by the following experiment. 

Jan. 10, 1935. Subject B. L. S.U.ll. 19008. Room temperature 20° C. 

The patient ca'me to the examining room from out of doors. Tlie hands were 
deeply cyanotic and painful. The temperature of the lingers was 18.4° C. She 
was observed from 10:25 until 10:55 A.M. without noticing any appreciable change 
in symptoms, appearance, or temperature. At this time she drank 1,000 c.c. of soup 
at 45° 0. There was an immediate rise in the temperature of the lingers. In 
twenty minutes the temperature of the digits was 31° 0. All evidence of vasospasm 
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disappeared^ and the hands turned a normal pink color. The temperature of the 
digits soon fell, hut symptoms did not return (Pig. 2). 

-The Third Question . — Can -warming of the body prevent attacks of 
vasospasm if the hands are exposed to appropriate degrees of cold? 

March 4, 1935. Subject C. D. S.M.H. 4638. Boom temperature 21° C. 

The patient came to the examining room from the division. Tlie hands were 
cyanotic but not painful. The temperature of tlie fingers was 21° C. After pre- 
liminary observation for fifteen minutes the body was warmed by blankets and a 
rubber sheet.s Porty minutes later the digits were pink and warm, all spasm hav- 
ing been relieved. Their temperature had risen to 30.8° C. At 3:10 p.ji. \Yith the 
body kept warm the hands were submerged in water at 15° C. leaving the finger 
tips exposed. At 3:20 p.M. the temperature of the digits had fallen to 20° C.. 



1 T T T' ’r r 1 

Pi^. 3. — Keeping the body warm will not prevent an attack if the hands are sub- 
jected to appropriate degrees • of cold. Here the subject’s body was warmed in 
blankets until the hands reached tlie vasodilatation level. In spite of this, vascular 
spasm with pain and cyanosis occurred when the hands were placed in water at 15° C. 

and vascular spasm with cyanosis and pain occurred. The experiment was dis- 
continued at 3:40 because of the discomfort from the vasospasm (Pig. 3). 

It is seen that warming the body did not prevent an attack of 
vascular spasm when the extremities were subjected to cold. This 
is in line with the conception that local exposure to cold forms the 
strongest stimulus to vasospasm in this condition. 

The Fourth Question . — Is the heat derived from the digestion of 
food sufficient to prevent or relieve vasospasm? 

It has been shown that the ingestion of food results in an increased 
blood flow. Further, that during digestion there is an increase in 
both the body and skin temperature.^ This has been confirmed.® The 
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“specific dynamic action” of the food increases body heat Avith con- 
sequent peripheral vascular dilatation to dissipate the surplus. It 
was reasoned that this effect might be utilized to prcA^ent or abolish 
attacks of vasospasm in Raynaud's syndrome. If the “internal fires” 
were kept burning, there Avould always be a positive heat balance 
and hence little stimulus to A'asoconstriction. ^Moreover, this Avould 
prevent hj^poglyeemia Avhich has been .shown" to stimulate the secre- 
tion of adrenin and so bring about A'aso.spasm.’^ 

The subjects were fed high protein meals containing 200 gm. of 
lean meat as Avell as high carbohydrate meals. Coffee or tea Avas 
not used, nor Aims the heat of the food sufficient to give an effect. 
There aa'Cs no consistent alteration in the surface temperature of the 
digits at the time of eating nor for tAA'o hours after such meals. At- 
tacks of vasospasm could be induced by exposure to cold and once 
instituted AA'ere not relieved by food. So it is seen that the test of 
this question gaA^e uegatiA'e results. But I am not at all satisfied Avith 
the findings. It is desirable that further study be done along this 
line, observing the subjects in a calorimeter rather than in a constant 
temperature room. In this way a more accurate check may be made 
upon their response to food. This is desirable, for, if the “specific 
djTiamic action” of frequent feedings Avould diminish or prevent the 
attacks of vasospasm, it AA'ould be of some value in treatment. 

.SUJIMARY 

The influence of body heat regulation was observed in cases of 
Rajuiaud's disease. It aa'rs found that: (1) Avith the hands kept 
Avarm, cooling the body Avill cause an attack of Amsospasra ; (2) Avarm- 
ing the bodj^' Avill relieve an attack; (3) AA-arming the body Avill not 
prevent an attack if the hands are exposed to cold ; and (4) the Avarm- 
ing effect of food aa^s inadequate to influence the Avasospasm. 

It is concluded that body heat I’egulation may have influence on 
the Amsospasm of Raynaud's disease. This constitutes further evi- 
dence that normal forms of stimulation may give i*ise to an exag- 
gei’ated Amscular response. It suggests that a local abnormality causes 
this excessive spastic reaction from seA'eral dwerse motiA'ating factors. 
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THE EFFECT OF OUABAIN UPON TEE 
ELECTROCARDIOGK A:\IS OF SPECIFIC I\rUSCLE LESIONS* 


Jane Sands Robd, M.D., ]\r. S. Dooley, IM.D., 
J. G. Fred Hiss, SLD., and R. C. Roms, H.D. 
Syracuse, N, Y. 

INTRODUCTION , 


T he eft'ccls upon llio clcctrneardiofrrain caoscd by cxperiinenlal 
ligation oi' the blood supjily to a single ventriculav innscle band in 
dogs have been described in a series of papers from this laboratory^ * 
These same alterations have also been found to appear in electro- 
cardiograms of monkeys (Macar.ua rha^us;),'’ vhosc hearts are more 
similar to that of man. 

If displacements of the R-T interval have a clinical application in 
localizing the site of a coronary obstruction and as a guide to treat- 
ment, then to know the effect of the digitalis group upon this interval 
is important. 

In 1915, ColnF“ observed that in man digitalis causes an inversion 
of the T-wave and also stated that, if the T-wave is initially negative, 
upon digitalization it again becomes positive. This action is not in- 
fluenced by atropine and hence the seat of action is said to he in the 
muscle. Cushny" and Sollman* also describe vagal and direct mus- 
cular actions of digitalis. 


EXPEIUMENTAL PROCEDURE 

Experiments have been devised to determine whether digitalis had 
an effect upon the R-T segment displacement Avhich results from 
lesions in specified muscles. 

Observations Avere made on six monkeys {Macaevs rhesus) and Aa'c 
dogs. Because only acute experiments Averc feasible, ouabain Avas 
ghmii intravenously. In some eases the animals Avere first giA’en a 
therapeutic dose (0.05 mg. per kg.) and Avhen its effects had developed 
(judged by flattening of T and prolongation of P-B), a muscle lesion 
Avas produced. In other experiments the lesion Avas produced first 
and the animal then ghmn a toxic dose of ouabain (0.1 mg. per kg.). 
The operative procedure and other points of technic Avere the same 
as described previously.^’ ® The hearts were remoA’ed at autopsy and 
subsequently dissected to establish the exact locations of the lesions. 

•From the Departments of PharmacoloRy and Medicine, Syracuse Universitj'. 
Rochester N^Y Division of Pediatrics of the Stronsr Memorial Hospital, 
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RESULTS 

Previous therapeutic dosage of ouabain did not prevent the appear- ' 
ance of the K-T change known to be characteristic of specific muscle 
lesions. Toxic dosage of digitalis did not affect the lesion electro- 



show slmultoweous leads (I, II, and III from above down- 
1* foUowinsr a lesion of the DSS muscle; C and D 

of ouabainf respocttvely exaBEcrated by therapeutic and toxic amounts 

'• followinB a Icsion of the DBS; while a and B show tlie 
^cndenc^^of ]thcrapeutlc and toxic doses of ouabain to remove the effect characteristic 
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eardiograms of different mnscles in ihe same manner, lienee one must 
present data and discuss eacli muscle separately. 

In Table I are summarized the eliange.s in T and R-T under thera- 
peutic and toxic do, sage of ouabain for comparison with the changes 
in the untreated muscle lesion. 


T.MtI.K I 


M USCLE 

U-1)ASE INEQUALITY KXITJESSEI) I 
IN 0.1 MV. j 

It-IIASE INEQUALITY EXPUES.SED 
IN 0.1 MV. 

MUSCLE LESION 

MUSCLE LESION PLUS 

OUABAIN 


LEAI> I 1 

LEAD 11 1 

1 LEAD ni i 

I.KAD I 1 

LEAD 11 j 

LEAD III 

SSS 

+r.o 1 

4*1 .•'* 

+1.0 


+0,25 i 

±0.0 

SBS 

-1.0 

+2.0 

•fl ••) i 


n.5 

+1.1 

DSS 

+i.n 

-1.3 

-2 A i 


-2.75 : 

-5.0 

DBS 

+3.0 1 

+.1.2") 

' +2.A i 


+1.5 j 

+1.1 


In the case of the superficial muscles, ouabain in therapeutic amounts 
has little effect either on the T or R-T. In toxic do.ses the R-T shifting 
in all leads is reduced. 

When a deeper muscle is anemic, the effects of ouabain are far more 
pronounced. If the drug is given in therapeutic amounts before 
ligation of the branches from the left cirenmtlex to the deep bulbo- 
.spiral, the marked elevation of R-T still occurs but this is followed 
by a very negative T, whereas in the untreated condition the T is 
wholly positive (Pig. 1 F). If the ouabain concentration is increased 
to toxic amounts, the R-T shoulder drops toward the isoelectric level, 
and the T becomes progressively more negative until the heart stops. 

Lesions in the deep sinospiral muscle in the presence of ouabain 
produce quite a different electrocardiographic picture (Pig. 1 A to D). 
Therapeutic dosage leaves the elevation of R-T in Lead I relatively 
unaltered but markedly augments the already existing depression in 
Leads II and TIL As toxicity intervenes, ,the elevation in Lead I and 
the depre.ssion in Leads II and III are .still further exaggerated until 
just before death, when the voltage suddenly decreases. 

All of these tracings have been read with a Cambridge measuring 
instrument. In Table II arc presented average results along with 
control data, (a) As wotdd be expected, the muscle lesions had no 
effect upon the P-R interval, for the vessels ligated were definitely 


Table II 




P-Q 

QR3 

QT 

ST 

KATE 

Dogs — pentobarbital 50 

mg.Ag. 



0.220 


168 

Monkeys — pentobarbital 

50 nig./kg. 

0.060 

0.027 

0.245 

0.216 

161 

Dogs — ^pentobarbital + 

musisle lesion 


0.0.30 

0.237 

0.180 

141 

Monkeys — pentobarbital 

muscle lesion 

0.0S7 


0.361 


113 

Dogs — pentobarbital + 
ouabain 

muscle lesion + 

0.128 


0.200 

0.236 

80 

Monkeys — pentobarbital + muscle le.sion + 
ouabain 

0.170 

0.058 

0.401 

0.322 

35 





























ROBB ET AL. : OUABAIN 


1015 


chosen so that the blood supplj-- to the conduction system would be 
unaffected. The P-B interval is lengthened by ouabain, (b) The 
QES also is uninfluenced by the muscle lesions, but, as toxicity under 
ouabain appears, the interval becomes greater. These data would 
support the opinion that the muscle lesions do not interfere with the 
spread of excitation as indicated by the duration of QES. (c) The 
Q-T and S-T are increased by the muscle lesions and still more by 
the ouabain. This fact, together with the observed effects upon the 
E-T and T phases, seems to indicate that the effect of the lesions is 
upon portions of the contractile mechanism without involving the 
chief conducting pathways. This increase in Q-T and S-T cannot be 
relieved by vagal section, nor are the displacements of E-T altered 
either during vagal stimulation or after vagal section. Three ob- 
servations, then, support the supposition that the changes in the 
electrocardiogram consequent to anemic infarcts are produced by 
injuries to muscular rather than to nervous structures: (1) These 
changes occur if the vagi are cut and are uninfluenced during vagal 
stimulation; (2) these characteristic changes are influenced by ouabain 
in that part of the electrocardiogram where ouabain has been stated 
to exert its effect bj’' direct action on the muscle; (3) the S-T and 
Q-T are prolonged by these infarcts whereas the QES is not. 

It is not considered that there are data either in the literature or 
in these experiments which would differentiate between an action 
upon muscle fibers or upon the peripheral ramifications of the Purkinje 
material within the muscle bands. 

SUMMARY AND CONCLUSIONS 

1. Anemic infarcts localized to one ventricular muscle band have 
been produced experimentally in dogs and monkeys. 

2. The electrocardiographic change produced is characteristic for 
each muscle. 

3. Ouabain in therapeutic doses does not prevent the appearance 
of these characteristic changes in the electrocardiogram. 

4. Ouabain in toxic doses tends to diminish the electrocardiographic 
change characteristic for three muscles, namely, tlie superficial bulbo- 
and sinospiral, and the deep bulbospiral muscle. 

5. Ouabain in therapeutic and toxic doses tends to increase the 
electrocardiographic change found to be characteristic for the deep 
sinospiral muscle. 

6. Neither the E-T or T changes due to the muscle lesions nor those 
due to the ouabain are influenced by vagal .section. 

Grateful acknowledgment is made to tl.c Hendricks Fund of Svraeuse University 
to the Committee on Scientific Awards of the American Medical Association and to 
tl.e Ella Sachs Plot?. Foundation, each of which has some part of tlic e.\-pcn.se of this 
research. 
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THE RESULTS OF TREATMENT IN CARDIOVASCULAR. 

SYPHILIS^' 

A Report op Three Years’ Additiohae Observation 

Paul Padget, and Joseph Earle Moore, M.D. 

Baltimore, Md. 

I N 1930 one of ns (J. E. M.) with Danglade^ presented to this asso- 
ciation a preliminary report on the treatment of cardiovascular 
syphilis, based upon a study of 141 patients. The conclusions reached 
were later amplified and extended in a detailed analysis of 165 eases 
published with Danglade and Reisinger" in 1932. The preliminary 
report included eight cases in which the diagnoses might he ques- 
tioned; the later study was purposely limited to patients with sac- 
cular aortic aneurysm or sjqihilitic aortic insufficiency. 

When this studji- was completed on July 1, 1931, an effort had been 
made to trace each of the patients, numbering a few over 300, with 
definite diagnoses of saccular aortic aneurysm or syphilitic aortic 
insufficiency, whose names were in the files of the Syphilis Division, 
and the 165 reported included all whose status could he determined 
as of that date. 

In evaluating the usefulness of specific therapy in these conditions, 
the patients were divided into four groups on the basis of the amount 
of treatment they had received; and it was shown, we thought, that 
properly directed antisjq)hilitic treatment resulted in alleviation of 
symptoms and prolongation of life, with consequent reduction in 
mortality rate for an incomplete period of observation. 

Many remained unconvinced, however, and Barnett,® in criticizing 
the method of study employed and in reporting his own experience, 
concluded that there was no evidence to indicate that antisjqihilitic 
treatment is beneficial to patients with aortic insufficiency or aneuiysm. 
It seemed wise, therefore, to reexamine the subject. 

The present study deals with the same group of patients previously 
reported.® On July 1, 1931, 109 of the 165 discussed were dead. Four 
of the fifty-six who remained alive could not be traced ; the remainder 
have been followed up to Jan. 1, 1935, thus forming a group of 161 
patients in which the mean potential period of observation has been 
ten years and eight months, with a minimum period of observation 
of any living patient of five and a half years. No effort was made 

•Prom tlie S.vpliilis Division of the Medical Clinic. Johns Hopkins Hospital. 
tEli Lilly roscaich fellow in medicine. 

Road horore the American Heart Association, Atlantic City, x. j.. June 11, 19.1,1. 
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to add additional eases; it was tliou"!)! that the long period of ob- 
servation available in this gronp was the most valuable feature of 
the study. 

The data which bear on the evaluation of antisyphilitic treatment 
have been entirely recalculated and several changes in the method 
of analysis have been made. Duration of life is expressed as mean 
instead of as average, in order to facilitate the determination of the 
statistical significance of dift'erence.s. The information concerning 
causes of death has been again reviewed, and the deaths divided into 
(hose directly due to cardiova.scnlar syphilis, and those due to other 
diseases, or due to iniknown causes. 

A simpler division into two treatment groups has been .substituted 
for the four groups of the former report. In an “iuadeqvrute treat- 
ment” group have been placed those patients who received the equh’a- 
lent of one course of an arsenical, or a long coiirse of heavy metal, 
or less; while the “adequate treatment” group includes tho.se who 
received a course of an arsenical plus heaA’y metal, Dvo long courses 
of heavy metal, or more. Such a division is arbitrary and the mini- 
imim of the latter group may not truly be said to coiistitute adequate 
antisyphilitie therapy. Fortunately in this series, however, there was 
little gradation about the dividing line; the majority had received 
either very small or relatively large amounts of treatment. 

The most important change in the method of analysis was sugge.sted 
by Barnett V well-taken exception to the propriety of including in 
the “inadequate treatment” group tho.se patients who, beeau.se of an 
originally bad prognosis, died so soon that adequate treatment coidd 
not have been given. Accordingly, and as a result of studies to be 
elaborated elsewhere,'* which show that those dying quickly should 
be considered as a separate gi'oup, the fifty-three patients (33 per 
cent of the total) who died within less than a year after they came 
under observation have been removed from a consideration of thera- 
peutic results. 

As in the prcAnous paper, duration of life has been calculated from 
the onset of symptoms referable to the cardiovascular system, or to 
the establishment of a definite diagnosis in the few instances in which 
symptoms were indefinite. This obviously introduces some uncer- 
tainties, but no more applicable method has been suggested. 

An effort had been made to give to every patient adequate anti- 
syphilitie treatment ; excluding those who died quickly, patients were 
inadequately treated only because of lack of cooperation. In this 
regard' Barnett® has suggested that patients who are so inicooperative 
that they fail to return for treatment also do not follow instructions 
in regard to limitation of activity and general medical care, and that 
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therefore untoward results in such a group should be charged to lack 
of therapy in general, ratliei* than to lack of antisyphilitic ti eatnient. 
The individual variation in ability to understand and willingness to 
follow instructions is so great as to prohibit generalizations of this 
sort, and careful study^ has convinced us that our “inadequate treat- 
ment” and “adequate treatment” groups vary in no way from each 
other, as to the apparent severity of their illness or the kind and 
extent of general medical care, except only in the amount of anti- 
syphilitic treatment received. 

Table I shows that the 161 patients are almost equally divided into 
three groups. One-third of them died within less than a year of 
observation, and with few exceptions received no antisyphilitie treat- 
ment, mainly because the onset and progress of their fatal illness was 
so abrupt as to exclude its possibility. Another third survived for 
more than one year but received inadequate treatment. The remain- 
ing one-third fell into the “adequate treatment” group. Fifteen 
(29 per cent) of the 52 patients with aneinysm and 38 (35 per cent) 
of the 109 with aortic insufficiency died Avithin the first year of ob- 
servation; 17 (33 per cent) of those with aneurysm and 36 (33 per 
cent) of those Avith aortic insufficiency received inadequate treatment ; 
Avhile 20 (38 per cent) of the patients Avith aneurysm, and 35 (32 per 
cent) of those Avith aortic insufficiency, Avere adequately treated. The 
distribution of cases is therefore quite symmetrical. 


Table I 

The Distkibutiok Into Group.s of 161 Cases of Cakdiovascular Syiuiilis 





ANEURYS.At 

AORTIC 

INSUFFICIENCY' 

I NUMBER 
OP CASES 

NUMBER 

PEAD 

NUMBER 

OF CASES 

NUMBER 

DF-4VD 

Total 

IGl 

123 


41 

ion 

82 

Died in less than one | 

53 

53 


15 

38 

38 

year 







Total, inadequate treat- 

108 

70 

37 

26 

71 

44 

mcnt and adequate 







treatment 







Inadequate treatment 

53 

46 

17 

14 

36 ' 

32 

Adequate treatment 

5o 

24 

20 

12 

35 

12 


Of the 108 patients available for a consideration of the results of 
treatment, 53 (49 per cent) reeeiA’^^d inadequate treatment, and 55 
(51 per cent) Avcre adequately ti'eatod. The “inadequate treatment” 
group includes 17 individuals Avith aneurysm and 36 Avith aortic 
regurgitation; the “adequate treatment” group comprises 20 Avith 
aneurysm and 35 Avith aortic insufficiency. 

Tliis study may be considered complete only Avhen all of the pa- 
tients are dead, but in the meantime a comparison of the mortality 
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rates of the two groups affords valuable information. Figure 1 pre- 
sents such comparison. Fourteen (82; per cent) of the 17 patients 
with aortic aneurysm who received inadequate treatment are dead; 
and in eleven of these (65 per cent) death was due to the cardio- 
vascular disease. In contrast, 20 patients with aneurysm were ade- 
quately treated ; 12 (60 per bent) of these are dead, but only 8 (40 
per cent) died from cardiovascular syphilis. In those patients with 
aortic insufficiency, the- reduction- in mortality due to cardiovascular 
syphilis is even more striking. The numbers receiving inadequate and 
adequate treatment are almost exactly equal. Thirty-six were .inade- 
quately treated, and 35 received adequate treatment. Thirty-two 
(89 per cent) of the former are dead, twenty-three of them (64 per 


Percent 


Mortality „ I 


Dcf.thi! .lue to otbnr dloaoccs or to ci.uce unknow 
Deaths Juc to canlioviiScnlHr cyphllli. 


71 ctsoa of aort- 
ic Insufflcloney 


103 ctsDs of cardlo- 
-.•nsculnr syphilis 
(vliole group) 



Trcatnent - Intdo^ucto Adecjuate 


Inadequate adequate 


Inedoq-Jute Adcqu.-.te 


Pig-. 1. — The mortality rate of 108 patients with cardiovascular syphilis observed 
for more than one year in reference to the amount of antisyphilitic treatment 
received. ■ ■ • 


cent) from heart disease ; wliile only 12 (34 per cent) of the latter 
have died, and only 9 (26 per cent) of these from cardiovascular 
sj^philis. 

Considering the group as a whole, '46 (87 per cent) of the 53 inade- 
quately treated patients are dead, while only 24 (43 per cent) of the 
55 well-treated have succumbed, while deaths known to be due to 
eardiovasenlar disease are 34 (64 per cent) in the former, and 17 (31 
per cent) in the latter. 

Figure 2 contrasts the duration of life from the onset of symptoms 
to death in the seventy treated patients who have died. Of the pa- 
tients with aneurysm the fourteen dead who were inadequately treated 
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lived a ineau of thirty-two months after developing- ssnnptonis, while 
the twelve who had received adequate treatment lived fifty-five 
months. In those with aortic insufficiency the 32 dead who had been 
inadequately treated lived a mean of forty-five months, and the twelve 
dead in the “adequate treatment” group lived sixty-one months. 

Again considering the group as a whole, the 46 inadequately treated 
patients survived for a mean of forty-one months after the develop- 
ment of symptoms, while the 24 who received adequate treatment 
lived for sixty months. 

In a later communication'* we shall demonstrate in detail that the 
differences between the two treatment groups are statistically signi- 



Pig. 2. — Tlie duration of life in seventy dead patients yrho had cardiovascular 
syphilis and were observed for moiv; than one year in reference to the amount of 
treatment. 


ficant, with the exception of the difference in duration of life between 
adequately and inadequately treated patients with aortic insuffi- 
ciency. There the number dead who Avere adequatety treated ivas so 
small and the durations observed in the individual cases were so 
variable that from the statistical standpoint a large probable error 
is introduced. 

The full significance of these figures may be appreciated only by 
comparing the observed duration of life in those dead with the mor- 
tality rates of the t.wo groups. Tlie surviving patients in both groups 
have lived on the average approximately ten years, i.e., far in excess 
of the duration of life in those already dead. However, only 7 of the 
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53 patients inadequately treated survive, while 31 of the 55 adequately 
treated are still alive. It is readily apparent that when all of the 
patients are dead, the duration of life in the well-treated group will 
be vastly in excess of the survival period of those poorly treated. 

Confirmation of our proof as to the value of treatment in cardio- 
vascular syphilis has been provided by Grant.® In the course of his 
monumental study of the clinical course of a thousand patients with 
heart disease, 189 patients with syphilitic aortic insufficiency were 
followed either to death or for a minimum observation period of ten 
years. Part of these had been allowed to go without antisyphilitic 
therapy, a larger group had been given potassium iodide, and the 
remainder had received potassium iodide and neoarsphenamine in 



Fie. 3 . — The outcome in 171 patients ■with syphilitic aortic insufflciency .(after Grant). 


varying amounts, with interval mercury by inunction. The general 
medical care was the same for all groups. 

We have analyzed the very complete data, given by Grant for each 
case by the same methods employed for our own. Eighteen of the 
cases were deleted because of inadequate information. Of the 171 
remaining, 51 had received at least one course of six injections of 
neoarsphenamine, mercury by inunction, and potassium iodide by 
mouth ; 75 had received potassium iodide by mouth only ; and 45 had 
been given no antisyphilitic treatment. Grant’s study and our re- 
analysis revealed no significant differences between these last two 
groups, which have therefore been consolidated to form an “inade- 
quate treatment” group, while the former was considered as an “ade- 
quate treatment” group. 
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Figure 3 contrasts the mortality rate and the number living, in 
Grant’s words, “uneventful and unchanged.’’ in the two groups. 
Twenty-five (49 per cent) of the 51 patients who received specific 
therapy were dead at the end of ten years ; in 17 (33 per cent) death 
was due directly to cardiovascular syphilis. Of the 120 patients in the 
“inadequate treatment’’ group, 79 (66 per cent) died during the same 
period; 71 (59 iDer cent) from cardiac disease. In contrast to this, 13 
(25 per cent) of the adequately treated, but only 19 (16 per cent) of 
the inadequately treated, had survived the ten-year period to be ad- 
.iudged “uneventful and unchanged.’’ There was no significant dif- 
ference in the duration of life between the well- and poorly treated 
groups. 

SUJntARV 

1. An analysis of the course of 161 patients with outspoken forms 
of cardiovascular syphilis is presented with reference to the effect of 
antisyphilitie treatment. Fifty-two of the patients had saceidar aortic 
aneurysm ; 109 had sjqihilitie aortic insufficiency. 

2. One-third (53) of the patients died in less than a year of ob- 
servation, and these are considered m a separate group, as unamen- 
able to the beneficial effects of specific therapy because of the gravity 
of their disease and its rapid progress. 

3. One hundred and eight survived for more than a year of obser- 
vation and received varying amounts of antisyphilitie treatment. Of 
these, 53 are considered in an “inadequate treatment” group and 55 
m av\ “adequate tveaGneut” group. 

4. The mean potential period of observation Avns ten years and 
eight months. 

5. The mortality rate for the poorly treated group was 1.37 times 
that of the well-treated group in patients with aueuiysm; 2.62 times 
as great in those with aortic insufficiency ; and 2.02 times as great for 
the group as a whole. 

6. The deaths due to cardiovascular syphilis were 1.62 times as 
great in the poorly treated as in the av ell-treated patients with 
aneurysm; 2.46 times as great in those Avith aortic insufficiency; and 
2.06 times as great for the Avhole groAip. 

7. Seventy patients of the series are dead. 

8. The duration of life from onset of symptoms for those dead Avas 
1.47 times as great in the Avell-treated as in the poorly treated pa- 
tients for the Avhole group; 1.71 times as great in those Avith 
aneurysm; and 1.37 times as great in the patients AAutli aortic insuffi- 
ciency. The latter figure is not of certain .statistical significance. 

9. A restudy of Grant’s cases of .syphilitic aortic insufficiency was 
made. 
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10. The mortalitj^ rate of his poorly treated group was 1.35 times 
that of those well treated; deaths due to cardiac disease were 1.78 
times as frequent in the former as in the latter. 

11. No significant ditference in the duration of life in his two 

groups was observed. . ■ 

COHCLUSIOHS . . • ' ' 

i • 

Properly' directed antisyphilitic therapy results in a prolongation of 
life in two-thirds of the patients vdtli saccular aortic aneurysm or syph- 
ilitic aortic insufficienc 3 ^ The remaining third come under observa- 
tion with an initially bad prognosis and do not survive sufficiently 
long for proper therapy to be administered. 
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THE FORM OF THE ELECTBOCARDIOORAM IN 
EXPERIMENTAL IIYOCARDIAL INFARCTION 

IV. Additionai, Observations on the Later Eeeects Produced by 
Ligation of the Anterior Descending Branch of the Left 
Coronary Artery*^ t 


Frank N. Wilson, M.D., Franklin D. Johnston, M. D., and 
Ian G. W. Hill,1: M.B. 

Ann Arbor, Mich. 


I N PREVIOUS articles of this series ive have had occasion to refer to 
certain pecularities in the form of the RS-T segment and T deflection 
observed in direct leads from the peripheral portions of snbacute in- 
farcts induced by ligation of the anterior descending branch of the left 
coronary artery. We have mentioned the characteristic modifications 
of the QRS deflections frequently seen in the same leads and also in 
leads from regions where only the inner layers of the ventricular wall 
are infarcted. Finally, we have commented upon the resemblance be- 
tween the ventricular complexes inscribed in leads from infarcted por- 
tions of the ventricular wall which arc no longer responding to the 
excitatory process and those obtained by introducing the exploring elec- 
trode into the cavity of the left ventricle. It is our present purpose to 
describe experiments in which more extensive observations relating to 
these phenomena were carried out, and to discuss their significance. 


The methods employed in our experiments have been fully described 
in previous articles.^* -- ® We may again point out that all direct and 
semidirect leads were taken simultaneously with standard Lead I and 
with a vacuum tube in the galvanometer circuit. The exploring electrode 
was paired with an electrode of the same type placed in contact with the 
subcutaneous tissues of the left (occasionally of the right) hind leg. 

For the purpose of determining whether tlie subepicardial muscle in 
a given region was living or dead, we made extensive use of a sharp 
electrode, which consisted of a short length of enameled copper ivire 
sharpened at one end, where the insulation was scraped off for a dis- 
tance of one or two millimeters. The form of the ventricular complexes 
obtained when such an electrode is ])ressed against the surface of the 
heart has been described elsewhere.® Wlien the subepicardial muscle is 
dead, the curve obtained is identical Avith that recorded by means of 
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a soft-tipped electrode of the ordinary type. In tlic article referred 
to, it was pointed out that, when tliis muscle is normal, a reduction in 
the height of the intrinsic deflection and pronounced downward dis- 
placement of the ES-T segment re.sults, but the form of the preintrinsic 
portion of the ventricular complex is not altered. This principle is il- 
lustrated exceptionally well by the curves of Figs. 5 and 6 of this article. 

lELUSTKATm? EXPERIMENT.S 

Experimenl 1 (Dog 44 ). — ^In this instance the electrocardiographic 
observations were begun about Iwelve hours after ligation of two large 
subdivisions of the anterior de.scending branch of the left coronary 



l<'ig. 1 — Experiment 1 (Dog 44). Pliotograpli of the left anterolateral surface of the 
heart .showing the location and extent of the infai-ctecl region. 

artery. The chest had been carefully restored immediately after the 
ligation operation, and, before it was again opened, the standard leads 
and a set of three precordial leads were taken.. The standard curves 
showed conspicuous upward displacement of the ES-T segment in Leads 
II and III and slight upward displacement of this segment in Lead I. 
Distinct, but not abnormally large, Q deflections were present in all 
three leads. The precordial leads Avere taken by pairing a copper disk 
(about one inch in diameter and fitted with a suitable binding post) 
scAvn beneath the skin with an indifferent electrode on the right hind 
leg. Three such disks were arranged along a line Avhich made an angle 
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of about 40 degrees with the long axis of the body, Tlie first Avas placed 
in the midline and yielded a curve in which the QRS group began with 
a small downward movement. The second Avas placed 6 cm. and the 
third 12.5 cm. to the left of the midline. Both jdelded curves in AAdiich 
the first and most prominent deflection of the QRS group Avas npAvard. 
The T deflection Avas sharply inverted in all three curves. 

When the heart AA'as exposed, tlie infarct appeared as a large hemor- 
rliagic area on its left anterolateral margin. This area Avas rouglily 
elliptical; its greater diameter measured about 5 cm. and its smaller 
diameter about 4 cm. (Fig. 1). At the end of the experiment the heart 
Avas sectioned, and it Avas found that, in the central portions of the 
region affected, the infarct extended completely through the Amntrieular 
Avail. Near the margins of this region the involvement Avas patchy. On 



Fit?. 2. — Experiment I (Dog 44). Outline drawing of the anterior .surface of the 
heart showing the location of the points from which direct leads were taken. The 
broken lino marlts approximately the right boi-der of tlie infarct. 


the endocardial surface the limits of the infarct Avere rather poorly 
defined, but the area involved appeared to be aiiproximately as large as 
on the outer surface. 

The points from Avhich direct leads Avere taken are indicated on an 
outline draAving of the anterior surface of the heart shoAvn in Fig. 2, 
and samples of the curves obtained are reproduced in Fig. 3. The 
curves from points 9 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , and 40 , all outside the 
boundaries of the infarcted region, are of the type usually obtained 
from corresponding points on thd surface of the undamaged heart.-’'’ 
The QRS group begins Avith a conspicuous doAvnAvard movement, Avhich 
is immediately folloAA-ed by the intrinsic deflection, a sharp uiistroke of 
large amplitude represented by a thin, barely visible line. A sharp ex- 
ploring electrode pre.ssed against the ventricular Avail at point 26 yielded 
a curve in Avhich QRS and T are completely fused. The descending 
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limb of this monophasic curve is interrupted by a notch which marks 
the position of the intrinsic deflection abolished by the injury. A curve 
obtained from the cavity of the right ventricle at point 27 shows a 
small preliminary domiward movement followed by a tall summit; the 
ES-T segment and T are represented by a deep U-shaped depression. 

The curves from the central portion of the infarcted region (points 
4 , 5 , 6 , 10 , 11 , 12 , and 37 ) are similar to those obtained from the in- 
farcted region in the experiments described in the third article^ of this 
series. The ventricular complex is essentially diphasic and consists of 
a tall initial summit followed by a rounded depression, which, in some 
instances, ends with a small elevation above the base line. In the curves 
from points 5 , 10 , 11 , and 12 the initial summit is the sole deflection of the 
QES group, and there is no trace of a true intrinsic upstroke. Curves of 
almost identical contour were obtained by thnisting a sharp electrode 
first into the wall and later into the cavity of the left ventricle at point 
22 . We may conclude that at these points the ventricular wall was 
dead and was not responding to the excitatory process. 

In the curve from point 4 the descending limb of the chief deflec- 
tion dips below the base line, and there is an upward movement about 
one millimeter before the gradual slope of the ES-T segment begins. 
In the curve from point 6 , which is similar, the amplitude of the up- 
ward movement varies rhythmically between 0.5 cm. and 9 mm. Simi- 
lar variations in the form of the ventricular complex are seen in the 
curves from several points. They are apparently due to slight to-and- 
fro movements of the exploring electrode caused by rhythmic inflation 
of the lungs. In the curves from points 37 and 38 there is a small but 
sharp upstroke which produces a conspicuous notch on the descending 
limb of the rather low initial summit. It is probable that these up- 
strokes represent intrinsic deflections of very small amplitude.^ 

The curves from the other points investigated, which were on or 
near the marginal portions of the infarcted region, are more difficult 
to describe. They vary greatly in form, and many of them show rhyth- 
mic variations of the kind already mentioned in the shape of the ven- 
tricular complex. As a class, these curves are characterized by the 
presence of both an abnormally tall initial summit and a conspicuous 
intrinsic upstroke. Many' of them also display final deflections of un- 
usual contour. 

The cuxwes from points 13 and 34 and some of the complexes of the 
cuiwe from point 39 , however, are exceptions to this rule. The QES 
group consists of a single tall upward deflection, and the intrinsic up- 
stroke, if it is present, cannot be identified. In the first of these curves 
T is inverted; in the third it is sharply upright and of large ampli- 
tude; in the second a depressed ES-T segment is followed by a sharp 
upstroke which rises well above the zero level. 
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Fie. 3. — Experiment I (Doe ID. Direct le-ids from the points markeU witli cor- 
respondine numbers in Fie. 2. Tlie letter « indicates tliat a sharp electrode tva.s 
used and was pre.s.sed aeaint the epicardial surface. Tlie letter c indicates that 


. ... w.v. exploring electrode is 

represonted bj' an upu-ard deflection, and the galvanometer *was adjusted to give a 
deflection of l cm. for a potential difterence of 20 mv. 
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The remaining curves differ chiefly in respect to the height of the 
initial summit, to the am])litude of the intrinsic upstroke, to the magni- 
tude of the downward movement that separates these two deflections, 
and to the character of the RS-T, segment and T deflection. The curves 
from points 2, 7, 3:1, 32, 33 and 36 are very much alike and have a very 
eharaetei’istic outline. Tlie U])ward movement at the beginning of the 
QRS interval is large, but the downward excursion which follows it is 
larger and in most instances carries the string shadow well below the 
base line. The downward movement ends with the onset of the in- 
trinsic upstroke, which is re])rcsented by a very tliin line and is of 
moderate amplitude. Tlie RS-T .segment is flat or de])ressed and T is 
sharply upright and in most insiances exceptionally tall. 

In tlie curve from point 1, Avhich is close to and between points 33 
and 36 and might be ex])cetcd to yield a similar curve, the tall initial 
summit, and the large downward movement, are present, but there is no 
intrinsic upstroke and the RS-T .segment Is disjilaced downward nearly 
a eenlimeter. The peculiarities of this curve are undoubtedly due to 
injury effects induced by pressing the exploring electrode too firmly 
against the heart. A curve of strikingly similar outline was obtained 
at point 25 (very close to point 33) by thrusting a sharp electrode into 
the superficial layers of muscle. 

In the curves from points 23 and 30 the initial upward movement is 
no larger than that sometimes seen in normal epicardial curves, and, 
although the curve from the former ])oint resembles the curves under 
consideration in general outline, it cannot be considered definitely ab- 
normal. The curve from the latter point shows rhythmic variations in 
form which affect the de])th of tlie downward movement and the shape 
and lioiglii of T. In some complexes the doAvnward movement crosses 
the base line, and T is very tall and is ])reeeded by a flat RS-T seg- 
ment ; in others it fails to cross the base line, and T has a more nor- 
mal shape. The curve obtained by pressing a sharp electrode against 
the muscle at point 23, which is between points 29 and 30, is similar 
to that obtained in the same Avay at point 25, but the upAvard moA^e- 
ment is smaller and in some complexes is preceded by a small excur- 
sion doAviiAvard. A mere t.raco of a similar initial doAvuAvard movement 
is visible in some of the complexes of the eniwe from jioint 29. 

In the curve from point 28 the initial upAvard movement is small. 
The doAvuAvard excursion Avbicb folloAvs it barely crosses the base line, 
and the succeeding xipstroke is sIoav and of small amplitude. Tlie T 
deflection .sIigaa's rhythmic A^ariations in form; in some complexes it is 
unusually tall but not peculiar in other respects. 

The curves from points 8 and 35 are characterized by the smallness 
of the doAvuAvard movement AAdiich separates the initial summit and the 
onset of the intrinsic upstroke. In many of the complexes this doAvn- 
Avard movement is absent, and the junction of the initial summit and 
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Table I 

Measuri-ments of the Curves of Experiment I (Doa 44 )* 


POINT 

VOI/rAGE OF 

INITIAI. 

SUMMIT 

LEI’EL OF 

INTRINSIC 

ONSET 

TIME OF 

INTRINSIC 

ONSET 

xVMPLITUDE 

INTRINSIC 

DEFLECTION 

RjINGE of final 

DEFLECTION 

fl 

_ 



60.0 

11.6 

0.0 

15 a 

__ 



41.6 

8.0 

- 4.0 

151 ) 



0.015 

32.2 

10.0 

- 1.6 

IG 

— 



42.0 

6.4 

0.0 

17 a 


4.0 


31.6 

4.0 

0.0 

17 b 

— 

6.0 

0.025 

26.0 

2.8 

0.0 

ISa 

- 

22.0 


27.4 

2.0 

- 4.6 

18 b 

— 

31.6 


41.0 

3.0 

- 0.4 

39 a 

- 

7.0 


9.6 

15.6 

- 1.8 

19 b 

- 

12.4 


45.4 

6.0 

- 6.2 . 

20 a 

— 

13.4 


25.6 

9.2 

0.0 


- 

8.0 

0.018 

25.0 

10.6 

0.0 

21 

- 

4.0 


53.6 

12.6 

0.0 

40 

_ 

19.0 


47.2 

0.0 

- 4.0 

0 

- 28.0 

— 


- 

8.6 

- 4.1 

10 

- 21.8 

- 

_ 

- 

14.0 

- 2.0 

11 

- 12.0 

- 

_ 


6.0 

- 3.0 

12 a 

- 21.6 

- 


_ 

11.0 

- 1.6 

12 b 

- 30.0 


.. 

- 

16.0 

0.0 

4 

- 28.0 

8.3 


3.4 

12.0 

- 2.0 

Ca 

- 24.0 

4.8 


2.8 

7.2 

- 4.2 

6 b 

- 24.0 



17.4 

6.0 

- 4.8 

37 a 

- 10.8 

2.0 


10.8 

4.0 

- 4.4 

37 b 

- 12.8 

- 1.2 


2.0 

4.0 

- 4.4 

3 Sa 

- 10.0 

- 6.4 


6.0 

5.4 

- 3.6 

3 Sb 

- 6.0 

2.2 


6.0 

2.8 

- 3.6 

13 

- 46.4 

— 

_ 

— 

12.0 

0.0 

34 a 

- 35.6 

- 


- 

4.0 

- 9.0 

34 b 

- 22.8 

— 

— 

— 

9.4 

- 5.0 

O 

- 13.8 

16.0 


30.0 

1.6 

- 10.0 

7 a 

- 24.0 

20.0 


. 30.0 

6.0 

- 8.8 

7 b 

- 26.0 

12.4 

0.042 

lo.(i 

8.4 

- 8.6 

31 

- 9.0 

20.0 


34.1 

2.0 

- 11.0 

32 

. - 14.2 

23.0 


31.0 

4.0 

- 13.4 

33 

- 19.6 

18.0 

0.038 

26.0 

7.2 

- 14.0 

3 Ga 

- 14.0 

14.0 


34.0 

- 4.0 

- 20.0 

361 ) 

- 17.2 

3.8 


20.0 

- 2.0 

- 18.0 

3 

- 23.0 

- 


- 

21.2 

- 1.8 

29 a 

- 4.0 

14.0 


29.4 

- 4.0 

- 10.6 

291 ) 

- 3.4 

9.6 

0.029 

24.0 

“ 3.2 

- 6.0 

30 a 

- 3.8 

0.0 

0.026 

32.8 

- 2.0 

- 10.6 

30 b 

- 7.6 

9.6 


30.0 

- 2.0 

- 15.6 

2 Sa 

- 6.4 

0.0 

0.031 

12.0 

- 3.0 

- 8.0 

2 Sb 

- 6.0 



18.0 

4.0 

- 14.6 

Sa 

- 15.4 

- 6.0 


30.0 

4.8 

0.0 

SI ) 

- 15.4 

- 15.4 


24.0 

4.0 

0.0 

iloa 

- 12.0 

- 2.0 

^Bx! ir^H 

29.0 

4.0 

- 9.4 

35 b 

- 14.4 

- 14.4 

0,020 

22.0 

1.6 

- 4.0 

14 

- 2.8 

- 2.8 

0.019 


6.8 

- 1.6 

39 a 

- 4.0 

- 2.0 

0.019 


2.6 

- 5.0 

39 b 

- 10.0 

- 10.0 

0.019 

24.0 

1.6 

- 12.8 

3 a 

- 3.6 

- 2.0 

0.019 

. 33.0 

_*> o 

- 8.3 

3 b 

— 

10.0 


4 G .0 

0.0 

- 2.0 


•VoItaRos aro expressed In millivolts, and time in seconds. 
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Ihc iutriiisie iTpstrokc is reprosciitcd by n ho! eh or node on the ascend- 
ing limb of the chief deflection. In other complexes the downward move- 
ment amounts to several millimeters. 

The curve from point M and most of the complexes of the curve from 
point 39 are similar to these just mentioned, but the initial upward 
movement is smaller, and its junction Avith the intrinsic deflection occurs, 
therefore, at a lower level. Most of the complexes of the euiwe from 
point 3 are of the normal type, but there arc rhythmic variations, and 
a feAv resemble those just described. 

Since space is not available for the reproduction of all the cpicardial 
curves taken, they have been carefully measured. The measurements 
are incorporated in Table I, Avhich gives the height of the initial sum- 
mit, the level with reference to the base line at Avhich the intrinsic 
upstroke begins, the amplitude of this upstroke, the range of the ES-T 
segment and T deflection iii milliA'olts, and the time of the intrinsic 
upstroke Avith reference to the earliest venti-icular defleetio]i in stand- 
ard Lead I in seconds. The range of the final deflections is giA'en by 
tAvo figures; the first gives the poterrtial level of the first turning point, 
the second, the potential of the second turning ])oint when such a point 
exists. Since the galvanometer connections Avere so made that relatiA’e 
negativity of the exploring electrode produced an rrpAvard movement of 
the string shadoAv, minus signs haAm been affixed to measurements Avhich 
locate points above the base line, and ordinates Avhieh lie below this line 
are considered positive. 

Experiment 11 (Bog 11 ). — In this instance the electrocardiographic 
study AAms made seventy-eight days after ligation of the anterior de- 
scending brairch of the left coronary artery. The standard electro- 
cardiogram taken at this time does not strongly suggest the presence 
of an infarct. Conspicuous Q deflections and iuA'orted T-AvaA’es are 
present in all three leads. Three precordial leads Avere also taken. The 
copper disks Avhieh served as the exploring electrodes Avere scAvn beneath 
the skin along a line AAdiich made an angle of about 30 degrees AAUth the 
long axis of the body. The first of these disks Avas placed in the mid- 
line, the second 6 cm., and the third 12 cm. to the left of this line. The 
indifferent electrode wms placed on the left hind leg. In the first and 
second precordial cui’A’-es QES begins Avith a downward excursion; in 
the thii’d the initial movement is upAvard but small. These curves can- 
not be considered as characteristic of myocardial infarction. "When the 
heart AAms exposed, an extensive, discolored, and someAA'hat depressed 
area Avas found on its anterior sAirface. In tbe center of this region 
the pericardium Avas adherent. Later examination showed that in the 
immediate neighborhood of the adhesions the infarct penetrated the 
ventricular wall over an area about oiac centimeter in diameter. The 
histological examination (carried out by Dr. C. V. Weller) of a block 
of tissue removed from this region shoAAmd an old fibroid scar which 
except for a fcAv muscle fibers (probably Purldnje tissue) on the endo- 
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cardial side extended eompletelj’’ throiigli tlie ventricular wall. The 
section also showed phagocytes containing old blood pigment, mucoid 
change in the scar tissue, early metaplasia of this tissue to cartilage. 




rr (Doff 11). PhotomicroBTaph of a section of tlie ventricular 
nail in the infarcted rcBion. A tliin layer of muscle fibers (ilf) Ivinp just beneath the 
tb^rlBhi escaped destruction. Eon- power on tlie left, and higlier ^wer on 


and small areas of lime deposit. A photograph of tlie endocardial sur- 
face of the left ventricle is reproduced in Fig. 4.. It shows an exten- 
sile aiea of subendocardial fibrosis, which on the cut surface is seen to 
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involve the inner tiiird or more of the venlrienlar -wall. A photoniiero- 
grapli of the seotion referred to is re])rodueed in Fijr. 5. 

Direct leads -were takei\ from the points indicated on an outline draw- 
ing of the anterior surface of the heart shown in Fig. (5. Samples of 
the curves obtained are re])roduccd in Fig. 7. 

The curves from i)oints .0. 10, 11. 12, IS. 11, IS, and 18 arc of the 
normal type. The QFS group begins with a eonsjjieuous downward 
movement Avhieb is immediately followed by an intrinsic u])stroke of 
large am])litude, and the final portion of the ventricular comjdex has a 
normal contour. The curve from ])oint 10 is very similar in general 
outline to that obtained at point 11, but the initial downward move- 
ment is much smaller and amounts to less than 1 mm. At points 21 
and 22 a sbar)) exploring electrode abolished the intrinsic deflection 
and yielded a purely mouophasic resimnsc. At ]ioint .28 it gave a curve 



Fip. 6. — Experiment 11 (Dog- II). Outline tlrawinfr of tlio anterior siirfacc of ttie 
heart showing the location of the imint.s from which ulrcct leads were t.aken. The 
crosshatched areas mark the location of i>cricardial .adhesions. The broken line marks 
the limits of tlic discolored and depressed area mentioned in tlie text. 


Avliicli. when compared ivitb that obtained with the ordinary sponge- 
tipped electrode at nearby jioint 11, shows a considerable decrease in the 
height of the intrinsic uiistrokc and a ]ironouneed downward displace- 
ment of the RS-T segment. At point 10, the changes in the ventricular 
complex induced by the sharp electrode were in the same direction but 
very small. 

The curve from point 2, where the infarct ])enetratcd completely 
through the I'cntricular ivall, is di])hasic and consists of a tall uunotched 
initial summit followed by an inverted T delleetion. There is no trace 
of an intrinsic upstroke, and no change whatever in the form of the 
ventricular complex occurred when the sharp electrode Avas employed. 
Curves of the same kind Avere obtained Avhen this electrode Avas thrust 
into the left ventricular cavity at point 21 and at point 27. 
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So far as tlie form of llie QKS deflections is concerned, the curves 
from points 1 , 3 , 4 , 5 , 6 , 7 , and 8 rcsemhle those obtained from the 





inc-^ the points bearing correspond- 

Inff number.^ in G. The upper curve in all ix^corUs is standard Lead I The 

conventions and additional data arc the same as in tlie case of Fig*. 3. 


marginal portions of the in farcied region in Experiment I. They dis- 
play both an initial summit and an intrinsic deflection and ditfer only 
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in respect to tlic sij^e of tlicse clcflcclions and to tlie magnitude of tlic 
downward movement that separates them. Tlic RS-T segment and T 
deflection, liowcvcr, sliow no unusual features. At the majority of these 
points the injury inflicted liy using a sharp electrode liad no appreciable 
effect upon the iireintrinsic portions of the ventricular complex. The 
intrinsic upstroke was reduced in height or aholi.shcd, and the post- 
intrinsic deflections were converted into a deep U-shaped depiussion. 
At points 3 and 7 and at point 30, which is near point G, the curves 
obtained with the .sharp electrode are exceptions to this rule. Except 
for the greater depre.ssion of the final poi-tions of the ventricular com- 
plex, they resemble those obtained from the cavity of the left ventricle. 
It is po.ssihle that at these iioints the sliarp electrode penetrated the 
living muscle and reached the layer of scai' tis.sue beneath. The orig- 

TABir. II 


Mkascuemekt.s or the Curves of E.vperi.mf.xt TI (Doo 11)* 


POINT 

voi.taoe or 

INITIATi 

.SUMMIT 

EEVr.i, or 
INTKI.NSIC 

ONSr.T 

TIME or 
INTRINSIC 
ONSET 

AMPEITUDE 

INTRINSIC 

DEriiECTION 

R.\NOE or FINAL 
PEnrenON 

9 


12.6 

0.022 

27.4 

-l.S 0.0 

10 

- 

2.G 

0.003 

47.2 

15.0 0.0 

10s 

- 

1.2 


42.5 

19.6 0.0 

11 

- 

8.0 

0.003 

49.0 

1.5.0 0.0 

28.S 

— 

6.0 

0.003 

40.0 

30.0 -2.0 

12 

- 

6,.l 

0.017 

26.0 

5,0 "O.S 

13 

- 

20.0 

0.020 

2S.G 

4.6 0.0 

14 

- 

13.8 

0.005 

50.0 

14.0 0.0 

l!) 

- 

15.6 

0.007 

52.8 

12.0 0.0 

18 

_ 

.3-1.0 

0.021 

41.6 

.13.6 -5.0 

21s 

.... 

_ 


— 

55.0 0.0 

22s 

— 


— 

— 

61.4 0.0 

o 

-2.5.0 

— 

— 


6.0 0.0 

2s 

-26.0 

— 

— 


7.0 0.0 

24c 

-.3.3.0 

— 



11.2 -1.6 

27c 

-3,3.0 

— 

— 

— 

14.4 -0.6 

la 

-17.2 

1.0 

0.022 

14.0 

2.0 -4.0 

lb 

-17.2 

-1.6 

0.020 

14.0 

2.0 -5.4 

Is 

-19.0 

- 

— 


25.0 0.0 

.3a 

- 5.6 

12.4 

o.ois. 

.34.0 

3.6 -0.6 

.31) 

- 7.0 

6.0 

0.020 

32.0 

5.0 0.0 

.3s 

-24.0 



— 

IS.O 0.0 

4 

- C.O 

20.0 

0.022 

29.6 

1.0 0.0 

4s 

- 3.0 

22.0 

•- 0.022 

17.6 

30.0 0.0 

5 

-14.0 

11.0 

■ 0.025 

18.4 

2.0 -3.0 

5s 

-11.4 

22.4 

0.028 

13.0 

24.4 0.0 

0 

-23.0 

9.4 

0.023 

7.0 

C.O -1.0 

19s 

-32.2 

— 


«. 

16.6 0.0 

7 

- 8.1 

4.0 

0.017 

26.0 

2.0 0.0 

7s 

-20.0 




22.0 0.0 

S 

- .5.2 

18.0 

0.024 

23.6 

2.0 0.0 

2,3s 

- 4.0 

— 

— 

— 

47.2 0.0 

16 

-21.2 

- 8.0 

0.024 

2.0 

6.0 0.0 

IGs 

-23.0 

-11.2 

0.021 

4.4 

11.6 0.0 

17 . 

- .3.6 

14.0 

0.023 

21.6 

5.2 0.0 


ir® ^-’^Pvessccl in millivolts, and time in seconds. When l.'irg'c rhythmic 
m the form of the ventricular complex occurred, the two. complexes which 
uittereo most widely were measured. The two sets of measurements are designated 
by the letters a and h. 
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inal curve from point 16 shows a slight notch on the descending limb of 
the initial summit, but no other indication of the presence of an in- 
ti’insic deflection. The curve obtained with the sharp electrode shows 
only minor diiferences ; the notch occurs at a slightly higher level, and 
T is somewhat more negative. It is, therefore, not certain that there 
Avas any living muscle at this point. 

Measurements of the curves of this experiment are given in Table II. 

COMMENT 

The observations described shoAV clearly that, AAflien the Airhole thick- 
ness of the left ventricular Avail is made up of scar tissue or dead 
muscle, the potential variations Avhieh occur at the epicardial surface of 
the region affected and those that take place in the neighboring por- 
tions of the ventricular cavity are practically identical. The potential 
variations occurring in the left ventricular cavit3’' vaiy from point to 
point, but the general course of events is everyA\diere the same, and 
the cuiwes obtained by leading from the epicardial surface of infarcts 
that extend completely through the left ventricular Avail have, there- 
fore, a characteristic outline. The initial and sole deflection of the 
QES group is a tall summit, and T is usually inverted. There is no 
trace of a sudden intrinsic upstroke such as occurs in epicardial leads 
from healthy muscle. 

It is apparent that, Avhen the ventricular complexes recorded by 
leading from the epicardial surface and those obtained bj’^ leading from 
the nearest portion of the A’-entricular caAutj’- are strikinglj’’ different, 
Ave maj’’ conclude that the intervening section of the ventricular Aimll is 
made up in Avhole or in part of muscle that is alive and is responding 
to the exeitatorj' process. Tlie electric forces generated b^i- this muscle 
must be responsible for all the major differences observed. By com- 
paring tlie ordinates of the one lead Avith the corresponding ordinates 
of the other, the general character of the time course of these electrical 
forces maj’- be determined. 

At the great majority of points on the anterior surface of the noi-mal 
left ventricle, the potential Avith respect to an indifferent point becomes 
positive at the very beginning of the QRS interval, and this initial 
positiA-ity increases more or less tiniformly throughout the preintrinsio 
period. Since the ventricular caAuty undergoes potential variations of 
the opposite kind at the onset of sj^stole, it is evident that by far the 
greater part of the subendocardial muscle on the anterior Avail of the 
left ventricle is already passing into the excited state AA-hen the QRS 
intciwal begins and that throughout the first part of this inteiwal the 
electrical forces produced by the inner layers of muscle rapidly increase 
in magnitude. During this period the positiAuty of the epicardial sur- 
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face can continue to increase only as long as the growth of these forces 
is more rapid than the growth of negativity in the ventricular cavity. 
Later, when the inner negativity has reached its maximum and has 
begun to decline, the potential of the epicardial surface must rise unless 
the electromotive force across the ventricular wall is rapidly decreasing. 
When the excitation warm arrives at the epicardial surface in a given 
region, the electrical forces generated by its spread through that sec- 
tion of the ventricular wall are abruptly extinguished. The sudden 
decrease in the positivity of the epicardial surface thus brought about 
is represented in direct leads by the intrinsic deflection. The post- 
intrinsic QRS deflections of epicardial leads are similar to those in- 
scribed during the same period in leads from the ventricular cavity. 

It has been pointed out that the QRS group of many of the curves 
described displays both a prominent initial summit and a conspicuous 
intrinsic upstroke. The presence of the latter and the striking injury 
effects which appeared when a shai'p electrode ivas pressed against the 
epicardial surface indicate that, in the regions from which these curves 
ivere obtained, the outer layers of muscle wei*e alive and were respond- 
ing to the excitatory process. During the inscription of the prominent 
initial summit the potential of the epicardial surface was negative and 
not, as a rule, materially different from that of the ventricular cavity. 
The presence of this deflection shows, therefore, that the innermost 
layers of muscle either produced electrical forces of subnormal magni- 
tude or were activated almormally late. In all probability both factors 
were operative, and we shall not attempt to reach a final decision as to 
which was the more important. The small initial summit which is not 
infrequently seen an direct leads from certain parts of the anterior 
surface of the normal heart is almost always followed by a large down- 
ward movement and a relatively late intrinsic deflection, and may log- 
ically be ascribed to late endocardial activation. In the case of the 
much larger initial summits under consideration, however, the situa- 
tion is somewhat different. Very late activation of the endocardial 
.surface should lead to equally late activation of the epicardial surface 
and should delay greatly the onset of the intrinsic upstroke. In some 
of the curves in question this deflection may be slightly delayed, but it 
does not appear to be greatly delayed in an3L In manj'^ of these curves 
the downward movement which follows the initial summit is large and 
crosses the base line, whereas in others it is small or absent. It should 
be noted that in the former the intrinsic upstroke occurs relativel,y late 
while in the latter it is usualty earljL In the first ease it usuallj’^ begins 
after; in the second, before the negativity’’ of the ventricular cavity has 
reached its maximum. It is obvious that a given rate of increase in the 
electromotive force across the ventricular wall will be much more likely 
to produce a downward movement when the negativity’’ of the ventricular 
cavitj’ is declining than when it is increasing. 
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In several experiments we attempted to determine whether section 
of the anterior subdivision of the left branch of the His bundle is fol- 
lowed by the appearance of an initial summit in direct leads from those 
portions of the ventricular surface to which it distributes the excita- 
tion wave. On the whole, these experiments were not very successful. 
In one or two iuslanees a small initial summit appeared in a lead in 
which the QRS group originally began with a downward movement, or 
an initial summit originally present became slightly larger. None of 
the curves obtained displayed an initial summit large enough to be 
recognized at once as abnormal. 

It is evident that in Experiment II curves of the kind in question 
were obtained only from those regions where the subendocardial mus- 
cle had been replaced by sear tissue and the subepicardial muscle was 
still living. Similar observations were made in other instances in which 
only the inner layers of muscle Avere infarcted. In such cases there is 
no reason to doubt that the magnitude of the electric forces produced 
by the subendocardial muscle' were subnormal in magnitude. In Ex- 
periment I the muscle changes had not progressed far enough to enable 
us to determine easily the exact distribution of the infarcted tissue. 
The curves from points near the margin of the infarct are, however, 
strikingly similar to those obtained from regions Avherc only the inner 
layers of muscle were involved in other experiments, and it does not 
seem probable that they had a different origin. 

The observations made in Experiment II, and other experiments of a 
similar kind, present a very perplexing problem. Since the excitatory 
process spreads from the endocardial surface outward, it is difficult to 
see how it can reach the outer layers of muscle Avhen the inner layers 
arc dead or haA^e been replaced by scar tissue. It is conceivable that 
it might reach this muscle by way of the normal parts of the ventricular 
wall beyond the boundaries of the subendocardial lesion, but this Avould 
require a great deal of time and must greatly delay the onset of the 
intrinsic deflection in the region affected. Since the intrinsic deflec- 
tion is not greatly delayed, it AAmuld seem that the excitatory process 
must pass through the dead muscle or sear tissue, as the case may be. 
In this connection it is interesting that in Experiment II histological 
examination of the infarcted region shoAved that a thin layer of muscle 
flbers immediately beneath the endocardium Avas still intact. Dr. B. S- 
Oppenheimer Avas good enough to examine the sections Avhich shoAV these 
fibers and expressed the opinion that they Averc part of the Purkin.ic 
plexvAs. It is well kiAONVAA that Purkinje tissue tolerates oxygen Avant 
better than ordinary muscle, and this circumstance, together Avith the 
liosition of the left Purkin.ic plexus in relation to the blood of the left 
ventricular cavity, may explain its preservation in cases of the kind 
under consideration. Granting that much of the Purkinie nelAVork c.s- 
eaj)es in subendocardial infarcts, avc are still unable to understand how 
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the excitatory process can cross tlie infarcted tissue unless we suppose 
tliat this tissue is penetrated by living Purldnje fibers or by surviving 
strands of ordinary nn;scle. 

The fiat or depressed RS-T segment and exaggerated T deflection 
encountered in direct leads from the margins of subacute infarcts of 
the left ventricle are obviously analogous to the so-called “coronary 
T-wave” seen in human coronary ocelitsion. In man these changes in 
the final portion of the ventricular complex may appear early, but they 
often reach the height of their development ten days or more after in- 
farction occurs. In our animal experiments, on the other hand, they 
were never seen to persist in direct leads as long as -twenty-four hours 
after coronary ligation. The reason for tliis difference between clinical 
and experimental myocardial infarction is not apparent. 

Wliile the flat or depressed RS-T segment may be a remnant of the 
injury effects that occur in the earliest stages of infarction, the T-wave 
changes are clearly due to disturbances that affect the return of the 
muscle from the active to the resting state. Since they are- transient 
they cannot, like the QRS changes, be attributed to the dipppearanee 
of electrical forces normally produced by muscle,- that -ha'g been killed 
but must depend upon the generation of abnormal electrical forces in 
muscle that has been damaged. In- leads from the. ventricular cavity 
the final portion of the ventricular _^complex is usually represented by 
a U-shaped depression, which may be followed by a slight elevation 
above the base line. The oeeurrence of abnoi’mally tall upright T deflec- 
tions in epieardial leads indicates, therefore, that the magnitude of the 
electrical forces generated late in systole by the corresponding pails of 
the ventricular wall is abnormally great. The polarity of these forces 
is sucli as to make the epieardial surface negative, and it is possible 
that in the region affected the duration of the excited state increases 
from within outward. Smith® observed somewhat similar changes in 
the T deflection of direct leads accompanied by an increase in the dura- 
tion of electrical systole and the length of the absolute refractory period 
when the muscle beneath the exploring electrode was cooled to a low 
temperature. 

The close association in epieardial leads of final deflections of the 
kind in question and QRS deflections of the type discussed in preced- 
ing paragraphs suggests that the former, as well as the latter, maj'- be 
in some way dependent upon effects produced in regions where only 
the inner layers of muscle are infarcted. 

Throughout this discussion Ave liaAm attempted to analyze curves in- 
scribed in direct leads from an infarcted region by comparing them 
AAnth those obtained from neighboring parts of the ventricular caAOty. 
We do not Avish to gh^e the impression that infarction of the A^entrieular 
wall does not influence the potential Amriations occurring in the ven- 
tricular caAuty. ■ Theoretical considerations indicate that it must modify 
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them, and particularly those taking place at the nearest points. It is 
difficult, however, to demonstrate experimentally that this is the case, 
for it is evidently the magnitude rather than the general character of 
these variations that is altered. Changes in magnitude are not easily 
recognized without adequate controls, and to obtain such controls it is 
necessaiy to return the exploring electrode to precisely the same spot 
in the ventricular cavity that it previously occupied, or to allow it to 
remain in place throughout the period of obseiwation. Because of the 
technical difficulties this question has not been investigated. 

su:mmary 

Direct leads from the surface of infarcts that extend completely 
through the left ventricular wall yield ventricular complexes practically 
identical Avith those obtained by leading from tlie neighboring parts of 
the ventricular cavity. Ilffien the galvanometer coinieetions are so made 
that relative negativity of the exploring electrode produces an upward 
deflection, these curves consist of a tall initial summit followed by a 
U-shaped final deflection winch sometimes ends with a slight elevation 
above the base line. 

In direct leads from regions where the inner layers of muscle are 
dead or have been replaced by scar tissue and where the outer layers 
are still living and responding to the excitatory process, the QRS group 
is characterized by the presence of both an abnormally large initial 
summit and a conspicuous intrinsic upstroke. A pronounced downward 
movement usually separates these two deflections but maj'- be absent. 

In the subacute stages of infarction the ES-T segment is often flat or 
depressed and the T-wave upright and abnormally large in leads from 
the marginal portions of the infarct. These changes in the final por- 
tion of the ventricular complex are usually associated with QES deflec- 
tions of the kind observed when only the inner layers of muscle are in- 
volved. Unlike these QES changes, they persist for a very short time. 
They are due to disturbances affecting the recovery process in muscle 
that has been damaged, and not to the disappearance of electrical forces 
noi’mally produced by muscle that has been Idlled. 

tVo owe our thanks to Dr. John Nyboer, who made the measurements given in 
Tables I and 11 and to Dr. John Btighcr, who was good enough to take for us the 
photomirrographs shown in Pig. 5. 
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THE RELATION OF THE POSITION OP THE HEART TO THE 
INITIAL VENTRICULAR DEFLECTIONS IN EXPERIMENTAL 
BUNDLE-BRANCH BLOCK-^ 

Paul C. Poster, Ph.D. 

New Orleans, La. 

O N THE basis of changes in the eontour of experimentally produced 
canine bundle-branch block curves when the heart's position is 
altered, Ackerman and Katz^ have recommended that no attempt be 
made to designate the bundle branch involved and that instead all suck 
cases be called intraventricular block of the bundle-branch type. ]\Iore 
recently Katz and his eoworkers- have described two cases of left bundle- 
branch block (new terminology) in human beings in which changing the 
heart’s position by altering the patient's posture resulted in electro- 
cardiograms of an “ indetenninate type.” 

We have repeated the experiments of Ackerman and Katz on thirteen 
dogs and two monkeys produciirg right block ten times and- left block 
five times, displacing the hearts according to the technic of these authors 
and confirming the lesions by dissection. In confirmation of the above 
authors, we observed changes in the contour of the electrocardiograms 
including reversal in direction of QRS in Leads I or III, these changes 
being most easily produced by rotation of the heart on its long axis, 
simple displacement of the apex laterally or anteriorly being less ef- 
fective. Typical results, using left branch block in the dog and monkey, 
are given in Pig. 1 and Fig. 2. Examples of reversal in Lead I and 
in Lead III are seen in each ease. 

The fact that right bundle-branch block in the dog gives cuiwes,' the 
initial deflections of which arc typically inverted in all leads, and left 
branch block gives upward initial deflections in aU leads, is now almost 
universally accepted. In exceptional cases the direction of the initial 
deflections may be oppositely directed in Leads I and III, or to use 
Lewis’s terminology, the curves are “discordant.” In Fig. 4 we have 
indicated by arrows the direction of the electrical axis in each of our 
experiments, and it will be seen that with right bundle-branch block 
“discordancy” occurred twice, once in Lead I and once in Lead III. 
All left bundle-branch curves were “concordant.” Each of the monkeys, 
one with right and one with left block, gave “concordant” curves, thus 
being in agreement with the usual findings in the dog. 

Although displacement of the lieart by values equal to those used by 
Ackerman and Katz'^ altered the direction of the initial deflection at 

*From the Lahoratorv of Physiology in the School of MecUcino, Tulane University 
of Louisiana, New Orleans. 
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times in Leads I or III in Loth right and left branch block, these curves 
simply became “discordant” curves of the same type and could hardly 
be confused with block of the opposite type. Fig. 4 shows the relation 
between the direction of the electrical axis and the direction of the 
initial deflections in each lead with the apjproximate range of human 
and canine branch block curves indicated. It is seen that the electrical 
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^jy. 2. — ^Effect of changing the position of the heart on the electrocardiogram of 
left bundle-brancli block in the monkey. (Curves in eacli block fi'om top to bottom 
are Leads I, II, and III.) 

A. Normal mechanism ; chest open. 

B. After section of the left bundle-branch. Heart in normal position. 

C. Apex elevated 45°. 

D. Heai-t rotated right on long' axis 4.5°. 

E. Rotated left 45°. 

F. Apex displaced right 30°. 

G. Apex displaced left 30°. 


axis must he displaced upwards of ISO degrees to change one type of 
curve into exactly that of the opposite type. That tliis is experimentallj^ 
possible is illustrated in Fig. 3. In this case right bundle-branch block 


foster; experimental bundle-branch; block 
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with definitely downwardly directed complexes in all leads was made to 
resemble left bundle-branch block by displacing the apex until it pointed 
cephalad and rotating the lieart so as to bring the right ventricle ventrad 
and the left dorsad as far as possible. Cardiac displacement of so ex- 



Fig. 3. — (Curves in each block from top to bottom are Leads I, II, and III.) 

A. Normal mechanism. Chest open. 

B. After section of the right bundle-brancli. 

C. ERect of displacing apex 15° upward, 30° to the left and rotating heart on the 
long axis 30° to the right. 

D. Effect of completely inverting the position of the ventricles. Apex displaced 
anteriorly as far as possible, right ventricle rotated to left and left ventricle rotated 
to right as far as possible. 





ireme a degree would be very unlikely 1o occur palhologicallv. and if 
It did occur. It would hardly e.scape notice. We doubt if .such experi- 
ments invalidate the use of the terms ric/Itf and left bundle-branch block. 




1046 


THE AMERICAN HEART JOURNAL 


In the human cases cited by Kissin, Ackerman and Katz,^ in which 
placing the patient on the left side resulted in the changing of curves 
from the type now generally considered to he typical of left bundle- 
branch block to an “indeterminate type,” the electrical axis has been 
rotated to the right sufficiently that a downwardly directed wave in Lead 
III is now upwardly directed, hut the axis still points left. We have 
seen the electrical axis in normal people rotate almost as much with 
changes of body position, hut only in exceptional cases. That the posi- 
tion of the heart alters the contour of the waves in the electrocardiogram 
is no new idea, having been studied in Einthoven ’s laboratory® as early as 
1913 and more extensively by Meek and Wilson^ at a later date. Herr- 
mann and Wilson® recognized that there must he fairly marked hyper- 
trophy of a ventricle before a definite relation between the form of the 
ventricular complex and the relative weight of the two ventricles exists. 
Every electrocardiogTapher recognizes that with moderate axis deviation 
the body build of the patient as well as the hodj’^ position while taking 
the record must he considered in evaluating such axis deviation. Thus, 
while admitting that alteration in the position of the heart may slightly 
modify the contour of the initial ventricular complexes, this, in most 
instances, we believe, would not lead to confusion in the bundle involved. 
In the two cases of Kissin, Ackerman, and Katz® the electrical axis at all 
times points so unmistakably to the left that on examining any of the 
curves the diagnosis of left bundle-branch block would appear to he the 
correct one. 

SUMMARY 

We see no valid experimental evidence that warrants the abandonment 
of the use of the terms right and left in describing intraventricular block 
of the bundle-branch type. 
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THE ANATOMICAL AND HYDROSTATIC BASIS OP 
ORTHOPNEA AND OP RIGHT HYDROTHORAX 
IN CARDIAC PAILURE* 

Wm. Dock, M.D. 

San Prancisco, Calip. 

T he aecuinulation of blood and edema fluid in the dependent pai’ts 
of the lung is recognized as a common consequence of passive 
hyperemia due to heai't failure and as a predisposing cause of termi- 
nal pneumonia and of hjalrotliorax. However, the hydrostatic an- 
alysis of pulmonary venous drainage has not been used in accounting 
for orthopnea and the preponderance of right-sided pleural transu- 
dates, although these phenomena have excited curiosity and experi- 
mental study leading to varied and often rather complicated explana- 
tions. "Widely current theories ascribe right hydrothorax to the 
pressure of the right auricle on the right pulmonary vein, and 
orthopnea to postural facilitation of thoracic and diaphragmatic 
movement or to changes in vital capacity when blood shifts into the 
lungs from the dependent parts of the body. In this paper I shall 
discuss the gravitational relations of the pulmonary outflow to the 
left ventricle, and indicate that most of the blood reaching the left 
ventricle from the lungs must run uphill whenever the patient lies on 
his back or his right side, but that ventricular filling from the pul- 
monai’y bed is aided by gravity when the shoulders are elevated or 
when tlie patient is in the left lateral position. The relation of these 
facts to orthopnea and to the frequency of right hydrothorax is 
obvious, since venous pressure must be higher in order to force blood 
upward and high venous pressure causes more rapid transudation, 
leading botli to pulmonary edema witli impaired respiration and to 
pleural effusion. 

METHODS 

Datii on the relation of the blood in the lungs to the left ventricle were obtained 
from a study of recorded drawings of e.ross-seetions of the adult thorax and from 
roentgen ray films. The object of the measurements was to determine the geometric 
center of the loft ventricular cavity and of the lungs, and the vertical distance be- 
tween these two points in erect and supine positions. 

The lung fields of two sets of cross-sectionst, a were copied on sheets of uniform 
thickness, and the skin surface behind was marked on each sheet. The center of 
the loft ventricle was yilaced by inspection; its distance anterior to the skin surface 
measured; and this distance laid off on each sheet. Lines parallel to the line of 
behind were drawn through the level of the center of the left ventricle and 

I’ram'isro. ^loilicine. Stanford I'niverslly Scliool of Medicine. San 
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DISCUSSION 

On inspection of the thoracic viscera of embalmed cadavers, of 
cross-sections, or of anteroposterior roentgen ray projections (Fig- 1) 
of the chest, it is evident that the center of the right Inng lies nearly 
10 cm. below the left ventricle in the right lateral recumbent position, 
and that of the left lung is only 2 to 5 cm. below the left ventricle in 
the left lateral position. Since cardiac patients, often conscious of 
the apex beat, tend to roll toward their right sides in order to rest 
their bachs, it is only natural that throughout the day the pulmonary 
venous pressure on the right .should average several centimeters of 
water more than the left. In left heart failure and in mitral stenosis, 



1. — ^The frontal and lateral silhouettes of a normal subject, from roentgen 
ray films, and the thoracic cross-section drawn from measurements of the films and 
cross-sections." The centers of the lungs and of the left ventricle are indicated 
: the outlines of the left ventricles and of the mitral aperture are indicated 

pressure in the left auricle is more altered than in the right, and it 
is not credible that the slightly engorged right auricle can compress 
pulmonary veins which have a much higher intei’nal pressure. It 
seems logical therefore to ascribe the frequent occurrence of right 
hydrothorax to the fact that pre.ssure in the veins of the right lung 
must be liigher than in the left, since botli drain into a common cham- 
ber and the right is on the whole more often dependent, and when 
dependent is much lower than the left. Then, too, the left lung, 
especially when the heart is enlarged, has less lower lobe surface than 
the right, and it is the lower lobes which have the highest venous 
pressure. 



1050 


THE AjMERTCAH HEART JOURNAL 


That orthopnea cannot be due to high Tenons pressure in the sys- 
temic circuit is apparent in dealing with cases of severe tricuspid 
valve disease or cases of obstruction to the superior cava. Other evi- 
dence against that theory lias been presented by Hamilton,® by 
Weiss, ^ and by Calhoun.® In patients with ascites or with large 
pleural exudates orthopnea is occasionally present, and in these cases 
it must be ascribed not to changes in the lungs primarily, but to the 
fact that purely thoracic breathing is more effective in the erect 
position because the fall of the diaphragm lengthens the thoracic 
compartment available for exjiansion. AYhen the diaphragm is pressed 
up by high intraabdominal pressure in the recumbent position or 
when in the erect position it sags under the Aveight of seA’^eral liters 
of pleural fluid, it is probable that the patient Avill And it easier to 
breathe if he sits up. In cardiac patients Avith hydrothorax, engorged 
IHers, and tympanitic boAvels these factors also are operatHe and may 
contribute to the preference for the orthopneic po.sture. 

Primarily the patient Avith heart failure suffers from the high 
A’’enous pressure behind an inefficient Amiitricular chamber or a dam- 
aged auriculoA^entricular vaHe. As the efficiency of the heart’s 
mechanical function fails, A-enous pressure rises until it reaches a 
level sufficient to eAmke an approximation of the normal minute 
volume of cardiac output. In the right ventricle of dogs and of men 
an increase of 1 cm. of Avater pressure in the A’^eins forces an increase 
of about 10 per cent in cardiac output, and the study of pulmonary 
blood floAv rate® and of Autal capacity" in hyperthyroidism indicates 
that the left Amntricle responds similarly to slight changes in A’^enous 
pressure. When the heart fails, a rise of 5 , 10 , or eA^en 20 cm. of 
Avater in Amnous pressure Avith a noimial or subnormal minute output 
of blood from the heart indicates hoAv greatly A’^entricular efficiency 
has failed — in a normal heart such a. rise in Amnous jDressure Avould 
cause 50 , 80 , or 150 per cent rise in miinite A’olume. The degree of 
impairment in efficiency may be Amry different in the right and in the 
left side of the heart, and there often is little change in Amnous pres- 
sure in systemic A^eins in patients Avith mitral stenosis or with hyper- 
tension, aortic insufficiency, or some other factor Avhich precipitates 
left A'entricular failure and rise in pressure in pulmonary veins. Tlie 
latter is measured indirectly by the sloAving of floAV through the 
dilated lung A-eins and manifests itself by loAAmring Autal capacity and 
causing lung engorgement demonstrable in roentgenograms or on 
auscultation. The general leA’^el of pulmonary Amnous pressure de- 
pends then on the leA’^el of cardiac output to be maintained, on tlie 
level of Amntricxdar efficiency, and on the gi'aA'itational gradient be- 
tAA'een the Amnous ends of the lung capillaries and the left Amntriele. 
Change of posture is not AA'ithout influence on the leAml of cardiac 
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output, since this inaj" rise 5 to 30 per cent on the assumption of a 
recumbent position,® but tliere is simultaneously an increase in effi- 
ciency of left Tentrieular systole, clue to the fall in diastolic pressure. 
When the cardiac output in experimental animals'’ is increased with- 
out any decrease in peripheral resi.stance, there is an increase of 10 
to 15 per cent in the blood held in the heart chambers and lung- ves- 
sels due to a 50 per cent increase in cardiac inflow, but one hesitates 
to accept Hamilton’s view that the decrease in vital capacity occur- 
ring' when normal subjects assume a supine posture is due to the in- 
creased cardiac inflow. This only averages a small percentage and is 
offset by a fall in peripheral resistance and hence a more efficient 
left ventricular emptying. 

When an adult lies down, the blood in his lung capillaries must, as 
these studies of lung mass and ventricular position indicate, run up- 
ward from 3.5 to 7 cm. in order to reach the left ventricle; when he 
is erect the blood runs downward from 3 to 5.7 cm. before it reaches 
the ventricle. Since cardiac output depends on the maintenance of 
an adecpiate pressure at the venous inlet of the ventricles, and since 
it is not diminished but may be slightly increased on lying down, 
the pressure in the ventricle during diastole mu.st be at Iea.st as great 
when the person is recumbent as when he is erect. 

To maintain a given level of left ventricular output, the pressure 
in pulmonary veins will necessarily be from 7.5 to 10 cm. greater in 
the recumbent than in the erect position. This, of course, refers to 
the average, but, since in fact most of the lung is distant from the 
actual center of mass, what actually is meant is that the proportion 
of the lung in which the venous pressure must be higher than that in 
the lefl ventricle is far larger in the recumbent than in the erect 
posture. Hence, when the venous pressure, elevated as a result of 
heart failure, is further augmented as a result of lying down, the 
vital capacity is diminished, pulmonary edema more readily occurs 
and the Hering-Breuer reflexes become more urgent. Respiration be- 
comes shallower and less effective, and dyspnea, Avhich Avas absent in 
the sitting posture, becomes jjrogressively more embarrassing. Even 
in normal individuals there is evidence that the blood content of the 
lungs is increased on lying doAvn and that all the change in Autal 
capacity is due to this hyperemia.'’ But this is not a .shift, in blood 
“stored” in the loAver extremities to blood “storage” in the lungs. 
The blood is merely trapped in the di.st ended veins in dependent 
parts of the lungs, and, if the general level of the lung veins in rela- 
tion to the point of outfloAv into the ventricle AA'ere not altered the 
lungs would not be affected by change in posture. In theoi'A', cardiac 
patients should then be le.ss dyspneic Avhen prone than Avhen recum- 
bent, but Avhen ])rone respiration is effected only by raising the 
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heaviest parts of the trunk. However, Weiss noted that orthopneic 
patients when inclined forwai*d had higher vital capacity and less 
dyspnea than when the angle of the body to the horizontal was the 
same with the back dependent." This observation can be explained 
only by the anatomic and hydrostatic relations of heart and lungs. 

In all discussions of cardiac dy.spnea it must be borne in mind that 
the subjective sensation is not due merely to overventilation. The 
cardiac patient is often so uncomfortable that he seeks the relief 
given by sitting uj), Avhen the actual minute volume of ventilation is 
only one-lialf or one-third as great as that which causes consciousness 
of respiratory effort in a normal individual during mild exercise at 
liigh altitudes. The respiratory effect of lung hyperemia cannot be 
explained by the increased minute volume of respiration necessitated 
by heightened Hering-Breuer reflexes and the resulting rapid, shal- 
low, inefficient respiration. Nor is it due to reduced vital capacity, 
for the tidal air of a dyspneic cardiac patient may be only one-sixth 
of his vital capacity, while that of an athlete, exercising without 
respiratory distress, often is one-fourth or one-third the vital capac- 
ity. Since the athlete’s I'espiratory rate is also greater than the 
dyspneic cardiac patient’s, it is obvious that the awarene.ss of I’espira- 
tory effort which makes a recumbent patient sit up is due neither to 
increase in volume, in rate, nor in percentage of vital capacity used in 
respiration. The loss of lung elasticity due to hyperemia and the 
consequent rise in intrathoracic pre.ssure’”’ causes the cardiac patient 
to increase the muscular element in expiration to a much greater de- 
gree than occurs in the athlete who is sustaining a tolerable, constant 
load of physical effort, even though his respiratoiy rate, minute ven- 

tidal air 


tilation, and ratio of 


are all higher than those of the 


vital capacity 

cardiac patient (Table II). The nece.ssity of using muscular effort 
in expii’ation, because of bronchospasm, emphysema with loss of lung 
elasticity, or exiDerimental narrowing of the chief airway always re- 
sults in consciousness of respiratory activity, and this is what is 
meant by dyspnea. The subjective phenomenon which is known as 
dyspnea, and which often leads to orthopnea in cai’diac patients, is 
due then chiefly (as Wiggers’- has emphasized) to the need for ex- 
piratory effort imposed by loss of lung elasticity. The rise in pul- 
monary venous pressure of recumbent cardiac patients undoubtedly 
adds to the stiffness of the lung and diminishes the recoil effect which 
normally causes expiration. In this way, as much as or more than bj”^ 
reducing vital capacity, it makes the patient aware of the effort of 
breathing. Observation of overbi'eathing by patients breathing 
against the slight but unfamiliar resistance of a spirometei', in tests 
of basal metabolism, arouses a suspicion that in the cardiac patients 
who occasionally show low arterial acidit}'-, consciousness of respira- 
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Table II 


— - =:== 


i 

CARDIAC PATIENTS 

EXERCIS- 

ING 

NORMAL AT 

70% OF 
WORK 
tolerance 


.MEX WITHOUT 
DYSPNEA 

WITH DYSPNEA IN 

P.M. 


A.M. 

P.M. 

A.M. 

P.M. I 

Respiratory rate in mm- 

lo 

16 

20 

23 

23 

utes 

Total minutes ventilation 

6.65 1 

7.00 1 

8.00 1 

9.26 1 

42.00 

Percentage of normal a.m. 
minutes ventilation 

100% 

105% 

120% 

139% 

630% 

0, intake per minute 

R'Q. (from experience 

250 c.c. 

275 c.c. 

250 c.c. 

275 c.c. 

1750 c.c. 

1 

with normal and car- 



0.82 

205 c.c. 

0.90 
247 c.c. 

0.95 

1660 c.c. 

diac diets) 

CO, output per minute 

0.82 

205 c.c. 

0.86 

237 c.c. 

Percentage of normal 

A.H. CO, output 
Arterial CO." tension, mm. 

100% 

115% 

100% 

120% 

43.3 

810% 

38.0 

Hg 

40.5 

36.1 

45.3 

Alveolar CO, content, per 


1 1 


t 

5.7 

5.00 

cent 

3.?. 

4.8 

6.0 

Essential ventilation of 




4.07 

33.2 

alveoli per minute 

;i.66 1 

4.71 

3.23 

Ventilation efficiency 






Essential ventilation 

55% 

67% 

41% 

44% 

79% 

Total ventilation 

Percentage of daily rise in 




26% 


essential ventilation 


29% 


7.35 

Arterial pH 

Per cent of normal p.Ji. 

7.433 

7.480 

7.37 

7.39 

185% 

H ion concentration 

111% 

100% 

129% 

123% 

Tidal air 

443 c.c. 

438 c.c. 

400 c.c. 

403 c.c. 

1830 c.c. 

Vital capacity 

3960 c.c. 

3900 c.c. 

2400 c.c. 

2220 c.c. 

4200 c.c. 

Diurnal decrease vital 






capacity 


60 c.c. 


180 c.c. 


Vital capacity 

8.9 

8.9 

C.O 

5.5 

2.3 






Note. — From <lata of Cullen, Harrison, and coworkcrs (Arch. Int. Med. 53: 
721, 1P34, and .1. B. C. 83: 545, 1929) and for exercise, from L. J. Henderson’s 
data on A.V.B. (who had the same resting arterial blood findings as Cullen’s nor- 
mals) in Blood, Yale Press, 1928. At sea level ventilation adequate to wash out 
CO, raises alveolar 0, tension so high that blood is practically saturated with 0„ 
and therefore CO. outiJut and alveolar tension determine the ventilation requirement. 
Tile table shows that normal persons, in spite of a daytime rise in CO, output, 
ventilate their lungs more effectively and lower arterial CO, tension and acidity, 
while cardiac patients with a tendency to dyspnea in spite of bed rest have more 
acid blood and higher CO. tension, effect less reduction in acidity and CO, tension 
by day than normal persons, and have a rise in total ventilation out of proportion 
to their increased CO. output in the evening. All of this points to (1) less efficient 
pulmonary and nervous mechanism for ventilating the lungs of the cardiac, and (2) 
le.os sensitive respiratory center in the cardiac. Comparison with the normal man, 
e.\crcising vigorously but well below his tolerance for continued effort, shows that the 
dy.spneic cardiac patient breathes no faster, movc.s only one-fourth as much air each 
minute, and u.^es only half as much of the available vital capacity in breathing as 
does a normal man under conditions in which respiratorj- distre.ss may not be appre- 
ciable. Awareness of respiratory distress in the cardiac patient is apparently not 
due simply to an elevated rate, or elevated minute volume of respiration, or to de- 
crease in ratio of vital capacity to tidal air. 
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toi’y effort causes overveiitilation and not, as has been suggested, that 
overventilation is a significant element in causing dyspnea and or- 
thopnea. An examination of the data published by Cullen and his 
eoworkei's, as well as those of others who have examined the blood 
gases of dyspneic cardiac patients, indicates that overventilation is 
not the rule (using arterial COo tension and pli as indices) but occurs 
only occasionally (Table II). Diminished sensitivity of the respiratory 
center is usually found in patients suffering from dyspnea at rest or 
orthopnea. 

Orthopnea, then, is due to the patient’s being more aware of and 
disturbed by his breathing when he lies down than when he sits up. 
He is aware of his breathing because respiration is labored, that is, 
because expiration is no longer passii^e but iiivolves muscular effort, 
and not simply because he breathes as often or has as high a ratio 
of tidal volume to vital capacity as noiTual persons have during the 
unconscious hyperventilation due to exercise. The breathing is 
labored because the lungs are relatively inelastic and the normal in- 
trathoracic negative pressure and elastic recoil are decreased. The 
rise in pulmonic venous pressure necessitated by recumbent posture 
can contribute to lung inelasticity, and raise respii’atory effort above 
the threshold of consciousness. 

SUMJIARY 

When an adult of average size is recumbent, the blood flowing from 
the pulmonary venous bed must be lifted from 4 to 7 cm. against the 
force of gravity in order to fill the left ventricle; but when the body 
is erect, the pulmonary outflow descends from 3 to 5.5 cm. to reach 
the left ventricle. Thus the pulmonary A’-enous pressure ivliich is 
adequate in the erect position to maintain a given level of left ven- 
tricular filling and cardiac output is loAver than that needed to main- 
tain the same level of cardiac output, Avhen the indhddual is recumbent, 
by the pressure represented bj’- a column of blood 7.5 to 10 cm. high. 
In the same ivay, the iiulmonary I’^enous outflow from the right lung 
of an adult in the right lateral recumbent posture must be lifted 10 cm. 
or more to reach the left A’-enti’icle, that from the left lung, ivhen in 
the left lateral position, need be lifted only 5 cm. Therefore, the avei’- 
age venous pressure needed to maintain the floiv of blood will be much 
higher in the right lung than in the left, even if the individual spends 
equal periods lying on the Dvo sides. In patients, like many cardiac 
patients, Avho fa^mr the right lateral decubitus, this difference in aver- 
age pressure between the venous beds in the lungs Avill be increased. 
It is suggested that these hydrostatic factors of anatomical origin are 
of paramount importance in causing orthopnea and the preponderance 
of right pleural transudation in patients Avith heart failure. 
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FOLLOW-UP STUDY OF SlXTY-FOUJi JL\TJFX^J'S WITH A 
HIOIIT UUXDLF-DKAXOJl UONDUCTION DEFECT*! 


P^iiAxcis Ci.AKK Wood. M.D.. William A. Jkitlus, JI.D., 
AM) CTiahlkk C. Wolkkhtjl ]\r.D. 
PniLADicLi’niA. Pa. 


TN JUNE, Ul.'IO. t\ woiiLin. afred six(y-one yoar.s. c'aine in for routine 

cardiovascular study, '‘just to ho .sure everylliiiifr was all right.” 
Her elect rocardiograin showed a bizarre QHS coin])iex (Fig. lA). 
She had no other evidence of eardiovaseular disease; no .symptoms, 
normal blood pressure (lOo .systolic and fio diastolic), normal ortho- 
diagram. no imii'inurs. and no signs of congestive heart failure. She 
has been studied at intervals since then, the last time on !^^ay 10, LTI5. 
Her })resent cardiovascular status is the same as it was five years ago. 
The electrocardiogram is unchanged (Fig. 17>). Klie had been known 
to us for many years ])i-ior to HKIO and had never had any cardiac 
.symptoms. We sus])ect. therefore, that she may have had this de- 
formity of her QPS com])lex for years before it was found. 

When this jiatient first appeared, we were engaged in studying the 
elect roeardiograms of a grouj) of 1,000 college students and 145 busi- 
ness executives. One student and two business men. with no other 
evidence of cardiovascular di.sease. showed this same type of elec- 
trocardiogram. Conscfiuently. in 1930, we collected all similar trac- 
ings from our fdes and have periodically followed the cardiovascular 
.status of the patients with them, by means of clinical methods, elec- 
trocardiograms. and orthodiagrams. We have added to the group 
all patients Avith this ty])o of tracing who have presented themselves 
since that timet and now have a total of sixty-four. The present 
paper is based upon an analysis of these cases with .special reference 
to their cardiovascular status when first seen and their sidisequent 
clinical course. 

I. Characi eristics of the Electrocardiogram . — The terminal down- 
ward deflection of QRS in Lead I and usually its final upward deflec- 
tion in Lead III are widened, slurred, and notched. The duration of 
QRR is 0.12 .second or more. In the uncomplicated case, the tracing 
is otherwise normal. Certain A-ariations are seen, Avhich Ikia’C been 
classified into four ty])es by Bayley.’ W’'ilson- and his coAvorkers have 

*Fi'oni the Edward B. Kobinette Foundation, Medic.al Clinic, Hospital of tlie Uni- 
versity of Pennsylvania. 

tPre.sented before tlie American Heart Association, Atlantic City, June 11, 1935. 

JDr. AAO'lliam B. Porter, of Ricliniond, and Dr. James AA*. Esler, of AA’'asliin?rton, 
liave each .supplied us with one. 


1056 



WOOD ET AL 


RIGHT BUNDLE-BRAiSrCII 


CONDUCTION DEFECT 105 1 


presented evidence that these phenomena in the QKS complex are 
clue to right bundle-branch block. Our observations^ based upon the 
time relation of the dynamic events in tlie two ventricles support this 
view : right ventricular contraction was delayed in the four patients 
which Avere studied. HoAvever, histological studies of these cases are 
not available, and Ave do not know whether the block of the right 
bundle branch is complete. 

II. Analysis of ihe Cardiovascular Findings at the First Examina- 
tion, of Sixty-Four Cases With a Right Bundle-Branch Conduction 
Defect.— TaUe I tabulates the results. Group A contains tAventy pa- 
tients Avho AA'hen first seen, shoAved no evidence of heart disease or 
hypertension, except the QRS deformity. The evidence of peripheral 



Fip. 1. — .•!, ek-ctrocardioprain of .a woman, aged sixty-one years, taken on June 
23, 1930. She slioweci no signs or symptoms of CHVtiiovascular disease. Tlie S-wave 
in L/ead I and the R-wave in Lead til arc widened and slurred. Tiie QRS interval 
is 0.13 second. The electrocardiogram is otlierwlse normal. 

S, clectroc.ardiograin of the .same patient taken on Hay 10. 1933, showing no definite 
oliange. Her present cardiova.scular status i.s tlie same as it wa.s five >-ears ago. 
She has no cardiac .symptoms, normal blood pressure, normal orthodiagram, no 
murmurs, and no signs of congestive heart failure. 


vascular sclerosis in all hut one of these patients Avas not out of 
proportion to age. Nineteen had no peripheral vascular symptoms; 
one. aged sixty-three years had intermittent claudication. Group B 
contains fifteen cases Avhich have been classified as luiA’ing “no A'cry 
marked evidence of heart disease.” Group C contains tAventy-nine 
cn.scs Avliich slioAvcd definite evidenee of heart disease in addition to 
the electrocardiographic finding.s. Fourteen of the si.xty-four had 
other significant electrocardiographic abnormalities besides the QRS 
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defol’mity (T-'waA’e inversion. 5 eases; P-R prolongation, 6 cases; 
auricnlar fibrillation, 2 cases; paroxysmal ventricnlar tacliyeardia, 
1 case). If these fourteen eases are removed from the two groups, 
two from B and twelve from C, fifty remain, of wliicli twenty bad 
no other evidence of heart disease except the QBS deformity. This 
is a. rather striking proportion, esiDeeially since all but two of these 
patients received complete cardiovascular study. Bayley^ has re- 
ported that many patients with bundle-branch block show no physical 
signs of heart disease. However, these patients did not even have 
any significant cardiac s^unptoms. 

Table I 

Classification of 6i Cases of Bight Bexdle-Braxch Conduction Defect on the 

Basis of the First Examination 


A. No other evidence of heart disease or In-pertension 20 

B. No verj- marked ewdeuee of heart disease 15 

Nothing but slight cardiac enlargement o 

Notliing but vague precordial pain 3 

Nothing but a systolic murmur 1 

Nothing but T-2 inversion 1 

Nothing but P-E- prolongation 1 

Hj'pertension — no enlargement, angina or failure 4 

C. Definite signs of heart .disease 29 

Etiology not clear o 

Congenital 2 

Eheumatic 3 

Sj'philitic 1 

Hypertension with enlargement, angina or failure 11 

Coronary disease vithout In-pertension 7 


III. The Age Incidence . — Table II gives these data. Three-fourths 
of the patients were over fifty years of age when they were first seen. 
This fact is of importance with regard to life expectancy. It also 
suggests that many of the individuals in Group A may have a de- 
generative lesion in the conduction system, rather than a. congenital 
or an inflammatory one. 


Table II 

Age of 64 Patients With Eight Bundle-Branch Conduction Defect at Time of 

First Examination 



0-10 

11-20 

21-30 1 

31-40 

41-50 

51-60 

61-70 

71-SO 


TR. 

TK, 

TR. 

TR, 

te. 

TR, 

TR. 

TR. 

Group A 

No other evidence of heart 


o 

.1 ’ 


O ' 

6 

B 

o 

disease or hypertension 







■I 


Group B 

No very marked evidence 

■ 

mm 

■ 


B 


6 

3 

of heart disease 





■■ 




Group C 

Definite signs of heart dis- 

m 


B 

o 

4 

1 

6 

S 

0 

ease 









Total 




2 

7 

17 

mm 

10 
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IV. FoUow-TJp Studies . — Table III tabulates tbe follow-up of tbe 
cases in the three groups. 


Table III 


Follow-Up op 64 Cases of Eight Bukdle-Branch Gonbuction Defect 


rOLLOW-UP 

LOST 

LESS 

THAN 

1 YR. 

1 

2 

3 

4 

5 

6 

7 

11 

TO- 

YR. 

YK. 

YR. 

YR. 

YTi. 

YR. 

Y'R. 

YR. 

TAL 

Group A. 

No evidence of heart 
disease or lij-per- 
tension at first ex- 

1 

2 



4 

4 

5 

1 



20 ■ 

aminatvon, except 
the QES deformity 












Group B. 

No very marked signs 
of heart disease 
except the QES de- 
formity 

2 

1 

1 

i 1 

1 

fit 

•A 

2 

2 


1 

! 

1 

1 

15 

Group C. 

Definite signs of 
heart disease, in 
addition to the 
electrocardio- 
graphic findings 

7 

7 

3 

3 

3 

3 

2 


1 


29 


to 

10 

4 

■1 

in 

n 

n 

n 

2 

n 

64 


*One case, followed for two years, has not been seen for the last three years. 

tone case, followed for two years, has not been seen for the past twelve months. 

We have been in contact with all the rest of these patients until the present time, 
except the ten in the "Lost" column, and eight who have died (see text). 

Group A: Four patients in this group have shown a definite change 
in their status during the follow-up period. One, a man seventy-two 
years old, developed coronary occlusion and died after having been 
followed for two years. A second patient, a man aged fifty-seven 
years, after having been followed for four years, suffered a coronai’y 
occlusion in April, 1935, but survit'^ed. Tlie other two, males, aged 
fifty-seven and fifty-nine years, followed for two and five jmars, 
respectively, have developed hypertension without enlargement of the 
heart, congestive failure, or cardiac symptoms. The other patients 
who have been followed have not developed any new signs or symp- 
toms; the.v still have no evidence of heart disease, except the QRS 
deformity. 

Group B: Two individuals in this group have shown a definite 
change in their status during the follow-up period. One man whose 
onlj abnoiTuality was a P-R interval of 0.26 second survived a pros- 
lateetomy, developed hypertension, and died of apoplexy, at the age 
of seventy-eight years, after having been followed for three years. 
The second patient, a sixty-fonr-year-old woman with hypertension, 
alter being followed for seven years without change, developed hyper- 
thyroidism, congestive failure, and auricular fibrillation. She has 
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I'ccently hiul a sublolal thyroidectomy and is recovering. The other 
cases that liave been followed have shown no definite change. One 
patient, a physician, has been seen at intervals for eleven years since 
the QRS deformity was first discovered. He has had slight cardiac 
enlargement and many extrasystoles at each examination. He is now 
seventy-two years old and is still engaged in active practice. 

Tims, in these first two groni).s of cases, which showed nothing im- 
mediately serious in the original findings, except the QRS deformity; 
twenty-two of thirty-five ]mtienfs have been followed from two to 
eleven years without definite change. Three have been lost. Four 
have developed serious trouble, but in only two of these was the 
cause of the trouble intrinsically cardiac. 

Group C: Six of the twenty-nine ]n>tients arc known to have died. 
Pour succumbed during the fir.st year of follow-up: one from sarcoma 
and three from heart disease. Two died during their third year of 
follow-up: one from carcinoma and one from heart disease. Ten 
have lived from two to seven years ajul are still living. These patients 
fared no worse than one might expect them to on the basis of their 
cardioA’ascnlar lesions, without reference to the QRS deformity. 

Of the entire group of sixty-four cases, eight are known to be. dead. 
Ten have been lost. IMore than half have been folhnved from two 
to eleven years and are still alive; more than one-third have been 
followed for four years or more and are still alive. 


ni.scussiox 

There are many published reports which deal with the cardiovas- 
cular status and prognosis of patients with intraventricular conduc- 
tion defects.' The folloAving are representative excerpts from them: 
Graybiel and Sprague,'’' on the basis of a series of 395 cases, state 
that “bundle-branch block almost invariably indicates serious organic 
disease of the heart, usually coronary disease; the average duration 
of life of the 223 fatal cases in this series, after discovei'y of the con- 
duction fault, was one year and two months, but eighty-five other 
patients are still alive after an average of two .vears and eleven 

months With foAV exceptions, the patients still living are 

either seriou.sly limited in their activity or are actually in some stage 
of cardiac decompensation. Among the fatal eases, the chief cause 
of death, where this is knoAvn, has been, in nearly every instance, 

cardiac failure Partial bundle-branch block must be regarded 

clinically as equally significant Avith complete bundle-branch block, 
the prognosis in both being e.ssentially the .same.” King,’"' on the 

basis of 150 cases, .states: “The prognosis is of extreme graAuty 

in bundle-branch block in general.” rierrmann and Ashman’’® Avrite: 
“Prognostically electrocardiographic findings indicating defectiAm in 



AVOOD ET AL, l RIGHT IjUNDIjE'RRAHCII- CONDUCTION DEFECT 1061 

traventricular coiKliiction, especially if persistent, are significant of 
grave myocardial damage.” Tims, a review of the literature leaves 
one with the impression that most cases with an intraventricular con- 
duction defect have serious heart disease, and have, on the average, 
less than tAVo years to live. It has been recognized that some patients 
live considerably longer,® but it is probably the general feeling that 
they are exceptional. 

Two main facts emerge from our study of this particular group of 
sixty-four patients Avith a right bundle-branch conduction defect : 
(1) A smaller proportion of them have serious heart disease than the 
literature on bundle-branch lesions would lead one to expect, and (2) 
the presence of this electrocardiographic ahnormality per se, does not 
seem to add materially to the gravity of prognosis. 

We have found in the literature three references AAdiich deal Avith 
the clinical status of patients Avith this type of electrocardiogram. 
Bayley* revicAved seventy eases, togetlier Avith 103 eases of left 
bundle-branch block. In speaking of both types together, he states, 
“The average patient Avith bundle-branch block shoAVS little evidence 
of cardiovascular disease on routine physical examination, and one is 
frequentlj' surprised Avhen the electrocardiogram discloses a serious 
conduction defect.” He does not discuss separately the clinical 
aspects of his cases of right bundle-branch block, nor compare them 
Avith left-sided block. Thus, he leaves unansAvered a question AAdiich 
AA"e liaA'e likeAvise failed to ansAver; Hoav does the cardiovascular 
status of patients Avith this right bundle-branch defect compare Avith 
that of patients Avith conduction disturbances of other types? Ba^dej’' 
publishes no folloAv-up studies. He does not state that any of his 
eases have no cAddenee of heart disease except the electrocardiographic 
abnormality. Von Deesten and Dolganos® in a paper entitled “Atypi- 
cal Bundle-Branch Block With a FaAmrable Prognosis” report fiAm 
patients Avith the QRS deformity Avhich is the subject of our paper. 
Hone of their cases presented evidence of serious heart disease, and 
four of them Avere folloAved for eleven, eight, four, and three years, 
re.spectively, Avithout much change. Oppenheimer. in a recent per- 
sonal communication, stated that a study by himself, Ttothschild and 
MmmJ AA-hich appeared in abstract in 1925 also dealt Avith this tyqDe 
of case. Nine of their ten patients shoAved no doAviiAvard progress 
duidng the period of folloAv-up. The reports of von Dee.sten and 
Dolganos and of Oppenheimer, Both.schild, and Jlann are the only 
papers we have found Avhieh view an intraventricular conduction 
defect with optimism. Their observations leave one Avith the impres- 
sion, however, that the cardiova.scular .status of these patients is better 
than a larger series of cases sIioaa's it to be. 
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Several other points seem Avorth emphasizing: 

1. Of the fourteen patients Avith otlier significant electrocardio- 
graphic abnormalities, in addition to the QRS deformity (such as 
T-AvaA^e inversion, P-R prolongation, auricular fibrillation, and par- 
oxysmal ventricular tachycardia) tAA^elve had definite evidence of eardio- 
Amscular disease at the first examination in addition to the electro- 
cardiographic phenomena. Only two patients did not, and one of 
them deAmloped hypertension and died. It seems, therefore, that 
T-Avave inAmrsion, and the other abnormalities referred to, have 
their usual significance AA'hen they appear in these cases. Three 
of the sixty-four patients had a significant Q-AAmA^e® in Lead III; one 
case in Group B and tAvo in Group C. Many other patients just 
escaped haAung a significant Qa by Aurtue of a small upAvard deflec- 
tion preceding the doAviiAvard deflection of QRS. 

2. Chest leads Avere taken in tAventy cases. Bizarre curves Avere 
obtained. In some instances, especially Avith the anterior electrode 
in the third left interspace near the sternum (Pig. 2/1), the tracings 
bore a superficial resemblance to those obtained in acute coronary 
occlusion. It should be emphasized that bundle-branch block (a) may 
appear during an attack of acute coronary occlusion and mask the 
electrocardiographic signs of this lesioiP or (b) may produce RS-T 
interval deviations in the absence of recent cardiac infarction Avhich 
may be mistakenly interpreted as evidence of coronary occlusion. 

3. AVe have seen this QRS deformity make its appearance in three 
l^atients Avhile they Avere under our observation.^® The first Avas a 
forty-nine-year-okl man, Avho had no evidence of cardioAEascular dis- 
ease AAdien first seen in 1930. In 1930, 1931, and 1932 his tracing Avas 
normal. In 1933, 1934, and 1935 it shoAved the QRS deformity. There 
Avere no symptoms of onset that Ave could elicit. The cardiac shadoAv 
has been slightly enlarged throughout. He is classified in Group B. 
The second case Avas that of a man, aged sixty-nine years, Avith 
anginal pain and definite coronary artery disease. In 1932 and 1933 
the QRS complex Avas normal. In 1934 the QRS deformity appeared 
and persisted until his death from carcinoma of the head of the 
pancreas. There Avere no clear-cut symptoms accompanying the ap- 
pearance of the QRS deformity. He is classified in Group C. The 
third patient Avas a man fifty years old Avho developed this QRS de- 
formity during a fatal attack of acute coronary occlusion,®® 

4. There Avere three eases in AAdiieh the QRS deformity appeared 
and disappeared from time to time^®’ (Rig- 2R). 

5. These eases of right bundle-branch defect ditfer in seAmral re- 
spects from the eases Avith short P-R interval, QRS deformity and 
good prognosis reported by Wolff, Parkinson' and AVhite,^’ Avhich may 
be due to a functioning bundle' of Kent (a) The P-R interval i? 
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not short, (b) In the three patients mentioned above, in wliom the 
QRS deformity appeared and disappeared, the P-R interval and the 
initial deflection of QRS did not change (Pig. 2B). (c) The widening 

and slurring involve the terminal portion of QRS, not its iiiitml de- 
flection. (d) In one patient who had a paroxysm of tachycardia, the 
QRS complex deformity was present before, during, and after the 
paroxj^sm. In the cases reported by Wolff and his associates, it 
tended to disappear during paroxysmal arrhythmia. 

6. The physical signs of this lesion are not diagnostic. Many pa- 
tients have split heart sounds. However, the frequency of this findmg 
in the absence of QRS prolongation makes it an unreliable diagnostic 

sign.^ 



Flp. 2. — Electrocardioijrams of a boy aged nineteen yeai's, ivith a right bundle- 
branch defect, a rough systolic murmur and thrill at the fourth left interspace near 
the .sternum, slight enlargement of the heart, blood pi-essure of 110/60, fairly good 
exercise tolerance, and no signs of active cardiac disease. He probably has a con- 
genital interventricular septal defect. 

A, shovfs the limb leads and the chest leads numbered as in previous publica- 
tions.’* At tlie extreme right are Leads IV and V. taken "with tlic anterior chest 
electrode In the third left interspace, near the stei’iium. These tracings present an 
appearance which might be mistakenly interpreted as evidence of recent cardiac in- 
farction. 

B, shows I.«ad 1 in the same case. Tlie QRS deformity disappeared for three 
beats. The P-R interval and the initial deflection of QRS did not change. 


7. Ba}fley’ has classified bis cases of right hundle-branch block into 
four groups. Our eases can be similarly classified ; Type I, 23 cases ; 
Type IT. 6 eases; Type III, 32 cases; Type IV, 3 cases. However, 
correlations between this grouping and otlier factors, such as age, 
sex, heart size, or degree of cai-diac damage, are not striking, 

8, There are forty-six males and eighteen females in the group. 
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9. The frequency of this electrocardiographic abnormality in the 
general population is not known. Bayley’s observations suggest that 
the term “rare” type of bundle-braneli block is a misnomer. Our 
cardiovascular survey of 1,300 unseleeted college students* and 145 
unseleeted business executives oAmr forty-fiAm years of age has some 
bearing upon this point. None of the 1,300 college students had left 
bundle-branch block; Iavo of the 1,300 shoAved this right bundle- 
branch defect. One is classified in Group A and one in Group C. 
Among the 145 business executhms over forty-fiAm years of age, none 
had left bundle-branch block; five showed this right bundle-branch 
defect. Tavo of these are classified in Group A, two in Group B, and 
one in Group C. Although three of these five had other evidences of 
heart disease Avhen first seen (one case. To immrsion; the second, 
slight cardiac enlargement; the third, moderate cardiac enlargement), 
none of them had cardiac s.ATnptoms, All haA'e been folloAved for fiA’^e 
years Avithout any striking change. On the basis of these observa- 
tions it would seem likely that there are a considerable number of 
people over fort.v-five years of age Avith this QBS deformity, Avho are 
blissfully unaAvare of its existence. Most of them Avill lead a life of 
aA’’erage comfort and happiness unless someone discoA’ers it and makes 
them give up part of their pleasure and freedom. Since we have not 
restricted the aetiAut^’’ of any patients in this group on strictly elec- 
trocardiographic grounds, their longevity cannot be ascribed to a 
life of rigorous self-denial. 


SmiMART 

1. Sixty-four patients with electrocardiograms of the type shoAvn 
liaA’^e been studied carefully and many of them folloAved OA'er a period 
of years. 

3. If fourteen cases with other significant electrocardiographic ab- 
normalities are excluded, fifty cases inmain. Of these, tAventy shoAved 
no evidence of heart disease Avhen first seen, except the QRS deform- 
ity, thil’teen shoAved relatively minor eAudences of heart disease, and 
seAmnteen showed definite eAudence of heart disease. 

3. PolloAV-up: The patients Avith little or no other cAudence of 
heart disease did Avell on the Avhole, when one considers that three- 
fourths of them Avere oA’^er fifty years old Avhen fii-st seen. Those with 
definite eAudenee of heart disease seemed to follow the clinical course 
expected of their lesions Avithout reference to the abnormality of the 
QBS complex. 

4. When this type of electrocardiogram is found in a patient Avith 
no other CAudenee of heart disease, it is not necessarily an ominous 

*One thousand students were studied in 1929 and an additional 300 in 1934. 
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prognostic sign. Its presence per se in a group of patients does not 
seem to add materially to the gravity of their prognosis. 

5. These facts seem worthy of emphasis since most patients with 
intraventricular conduction defects have been regarded as having 
serious heart disease and a grave prognosis. 
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introduction 

F or many years investigators have studied the functional and 
structural pathological conditions that disturb the conduction 
system of the heart to cause heart-block. The use of electrocardiog- 
raphy has resulted in a great advance in the detection of heart-block 
of various kinds and grades. On the other hand, our understanding 
about certain anatomicopathological lesions of the conduction system 
has remained obscure ; there is a discrepancy between the two sets of 
data in the present state of our knowledge, a gap which will even- 
tually be lessened or abolished after a more extensive study of the 
correlation of the clinical manifestations of heart-block with struc- 
tural lesions and functional defects in the conduction system. 

While awaiting the time when we shall have a complete under- 
standing of the relationship between heart-block (of various types 
and gi'ades) and pathological changes in the conduction system of 
the heart or in the blood vessels supplying it, we should make use 
of any clues that we have already at hand in assessing the relation- 
ship between heart-block and coronary disease. Such clues we pos- 
sess in the determinations of' the incidence of the known clinical 
manifestations of coronary disease, namely, paroxysmal angina pec- 
toris and coronary thrombosis, in cases with heart-block, and, con- 
versely, of the incidence of heart-block of various types in cases with 
paroxysmal angina pectoris or coronary thrombosis. In the present 
study we have made such analyses; that is, of the relationsliips be- 
tween the clinical manifestations of coronary disease and the various 
types of heart-block. 

A delay in auriculoventricular conduction time exceeding 0.20 of 
a second for the P-R interval of the electrocardiogram is considered, 
in this study, as indicative of auriculoventricular block. We have' 

10G7 
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divided intraventricular block into three groups, in accordance with 
the electrocardiographic variations (and not necessarily in accord- 
ance with structural lesions of the conduction system). Lesser de- 
grees of intraventricular block are considered present when there 
exists a widening of the QES complexes which exceeds 0.11 second, 
with slurring and notching but without the characteristics of full 
bundle-branch block. Full left bundle-branch block is considered 
lU’esent in those cases in Avhich, with the duration of the ventricular 
complexes more than 0.11 second, there is left axis deviation. Full 
right bundle-branch block shows wide QES waves with right axis 
deviation. In accordance with the latest studies of Wilson and his 
coworkers on bundle-branch block we have included under right 
bundle-branch block cases whose electrocardiograms show very wide 
S-waves in Lead I and under left bundle-branch block cases whose 
electrocardiograms show wide upright QES waves in all leads; the 
former are common, the latter rare, a fact that tends somewhat to 
equalize the numbers of right and of left bundle-branch block. It 
was once believed that there existed a A’ery great preponderance of 
left bundle-branch block. 

In the present analysis we have not included the rare cases of ap- 
parent bundle-branch block (wide QES waves) with short P-E inter- 
vals, since these eases are to be classified, not as intraventricular 
block, but rather as very early spreading of the impulse to one ven- 
tricle or the other.^’ - 


LITERATURE 

Here and there in the literature there have been bi'ief observations 
as to the presence of heart-block in coronary disease and as to the 
presence of clinical evidences of coronary disease in heart-block, but 
the correlation of the two relationships has not, so far as we have 
discovered, been the subject of special study such as we have made 
and are reporting here. The practical importance of the study is- 
evident, as well as is its academic interest. 

A few references to large series of cases of angina pectoris and 
coronary thrombosis and of heart-block that have been imblished are 
as follows: 

Levine® in 1929 noted disordei-s of heart rhythm in eases of coro- 
nary thrombosis, especially those that concern premature beats and 
the sudden development of heart-block, which may be related to the 
localization of the infarct. He said that in general the appearance of 
heai’t-block during coronary thrombosis is an unfavorable sign, though 
he believed that a slight delay in conduction rvas not important. He 
reported that the immediate mortality in his series of 143 eases of 
coronary thrombosis was 53 per cent and that the average duratioir 
of life was twenty-four months in the patients who survived the ira- 
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mediate illness; the average age was 54.7 years; he did not give data 
concerning the relative prognosis of coronary thrombosis Avith aurien- 
loventricular and with intraventricular block. 

Conner and HoIC analyzed 287 patients Avith coronary thrombosis. 
Approximately 85 per cent of these cases occurred in men and 15 
per cent in Avomen. One hundred and fifty-one of these patients had 
one or more electrocardiograms taken. Those indiAudnals AAdio did 
not shoAV heart-block did better than those Avith heart-block. The 
authors found a mortality of 16.2 per cent in the Avhole group at the 
time of the first attack. They said in particular that patients Avith 
eAudenee of arborization or bundle-branch block did poorly. 

White and Bland'’ in their study of the prognosis of 500 cases of 
angina pectoris and of 200 cases of eoronaiy thrombosis, found an 
average duration of life of 4.4 years after the onset of the disease in 
213 fatal cases of angina pectoris, and 1.5 years after the -onset in 
101 fatal cases of eoronaiy thrombosis. They said, “The electro- 
cardiogram Avas of little help in predicting the outcome, although a 
‘coronary’ type of T-Avave in Lead I or II Avas seen more often in the 
patients A\dio died early. . . . The electrocardiogram did not help 
appreciably in this series.” This last statement concerned the prog- 
nosis of coronary thrombosis. 

Graybiel alid Sprague,® Aidio made an analysis of 395 cases of 
bundle-branch block, concluded: 

“From the standpoint of diagnosis and prognosis it is important 
to determine its presence in cardiac patients. 

“Bundle-branch block almost invariably indicates serious organic 
disease of the heart, usually eoronaiy disease ; the average diu’ation 
of life of the 223 fatal cases in this series after the discoA'ery of the 
conduction fault was one year and two months, but 85 otlier eases 
are still aliA'e after an aAmrage of tAvo years and elcA^eu months fol- 
lou-ing the discovery of the bundle-branch block. 

“Partial bundle-branch block must be regarded clinically as equally 
significant AA'ith complete bundle-bi’anch block, the prognosis in both 
being essentially the same.” 

Graybiel and White’^ in a study of 72 cases of. complete aurieulo- 
A-entricular block, not yet published, haA-e found that the average age 
at the time of discovery of the block Avas fiftA^-three years, the aver- 
age duration of life after this discoA-ery in 41 cases that died of heart 
disea.se Avas tAVO years and tAA-o months and in 8 patients Avho died of 
other causes Avas six years and eiglit months and that the average 
duration of life to date in 17 living patients is six years and eleven 
month.s, a more faA-orable prognosis therefore thau in the cases of 
bundle -branch block reported by Graybiel and Sprague.* Among the 


have not yet been 
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72 cases of complete heart-block, 9 had angina pectoris without clini- 
cal coronary thrombosis, 4 had coronary thrombosis without angina 
pectoris, and 3 had both. 


PRESENT STUDY 

THE INCIDENCE OF HEART-BLOCK AMONG PATIENTS SHOWING CLINICAL 
EVIDENCE OF CORONARY DISEASE 

Among 4,274 cases with signs or s^rmptoms of cardiovascular 
disease in which electrocardiograms Avere made and Aidiich make up 
the total number of eases analj'^zed in the present study, 1,028, or 24 
per cent, shoAved clinical eA'idence of coronary disease, namely, parox- 
ysmal angina pectoris or coronary thrombosis, or both, in the fol- 
loAving proportion: paroxysmal angina pectoris alone, 700 cases or 
68+ per cent; coronary thrombosis alone, 169 cases or 16+ per cent; 
paroxysmal angina, pectoris and coronary thrombosis, 159 eases or 
15+ per cent. 

Table I 


Total Cases of Coronary Disease Diagnosed Clinically and by Electro- 
cardiograph (Paroxysmal Angina Pectoris or Coronary Thrombosis) 


Paroxysmal angina pectoris alone 

Coronary thrombosis alone 

Paroxysmal angina pectoris anil coronary thrombosis 

700 

160 

159 






1,028 


Auriculoventricular or intraventricular block 

Both auriculoventricular and intraventricular block 


105 

5 

110 

10.7+7o 

Auriculoventricular block, total cases 

Complete 5 

Partial ' 16 

Transient (partial) 4 

0.4+% 

l-6-7o 

0.4-7o 


25 

2.4+%; 

Intraventricular block, total cases 

Lesser degrees 35 

Left bundle-branch block 40 

Eight bundle-branch block 10 

3.4+% 

3.9-7o 

0.9-7o 


85 

S.2-f % 

Total cases of coronary disease diagnosed clinically equaled 24% 
of cardiovascular cases electrocardiographed (4,274) 

of total 

of series 


A. Group With Angina Pectoris. 

Table II 


P^vroxysmal Angina Pectoris Without Coronary Thrombosis 


(Clinical Diagnosis) 



700 


Auriculoventricular or intraventricular block 


62 

8.8 % 

Both 



3 

0.4 %, 

Auriculoventricular block, total cases 



11 

1.5 %, 

Complete 

1 

0.1+%, 



Partial 

9 

1.2+%, 



Transient (partial) 

Intraventricular block, total cases 

1 

0.1+%, 

54 

7.7 % 

Lesser degrees 

21 

3.0 %, 



Left bundle-branch block 

27 

3.8+%, 



Eight bundle-branch block 

6 

0.8+%, 
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Table III 


PAROXYSiiAL Angina Pectoris, All Cases 



859 


Auriculoventricular or intraventricular 

block 


78 

9.1-% 

Both 



o 

«) 

0.3+% 

Auriculoventricular block, total cases 



13 

1.5+% 

Complete 

2 

0.2-1% 



Partial 

10 

1.1+% 



Transient (partial) 

1 

0.1+% 



Intraventricular block, total cases 



68 

7.9 % 

Lesser degrees 

26 

3.0+% 



Left bundle-branch block 

35 

4.0+% 



Right bundle-branch block 

7 

o.s+% 



B. Group wall Coronary Thromhosis. 




Table IV 




Coronary Thrombosis (Clinical Diagnosis), All Cases 

328 


Auriculoventricular block or intraventricular block 

43 

13.1+% 

Both 



2 

0.6+% 

Auriculoventricular block, total cases 



14 

4.2+% 

Complete 

4 

1.2+% 



Partial 

8 

2.4+% 



Transient (partial) 

2 

0.6+% 



Intraventricular block, total cases 



31 

9.5 % 

Lesser degrees 

12 

3.7-% 



Left bundle-branch block 

14 

4.3-% 



Right bundle-branch block 

5 

1.5+% 



Table V 




Coronary Throjibosis (Clinical Diagnosis) Without Paroxysmal 


Angina Pectoris 



169 


Auriculoventricular or intraventricular block 


27 

15.9+% 

Both 



2 

1.1+% 

Auriculoventricular block, total cases 



12 

7.1-% 

Complete 

3 

1.7+% 



Partial 

7 

4.1+% 



Transient (partial) 

2 

1.2 % 



Intraventricular block, total cases 



17 

10.0 % 

Lesser degrees 

7 

4.1+% 



Left bundle-branch block 

6 

3.5+% 



Right bundle-branch block 

4 

2.3+% 




THE INCIDENCE OF CLINICAL EVIDENCE OF CORONARY DISEASE AAIONG 
CASES SHOWING HEART-BLOCK 

We shall now analyze tlie eases of heart-block fonncl in the total 
gronp of patients Avith cardiovascular symptoms or signs (4,274) of 
whom electrocardiograms ivere made with respect to clinical mani- 
festations of coronary disease. 
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Table VI 


Total Cases of Heart-Block 

Auriculoventricular block, total cases 
Intraventricular block, total cases 

Auriculoventricular and intraventricular block, total cases 

Coronar}' disease evident clinicall}' 

Paroxysmal angina pectoris alone 
Paroxj'smal angina pectoris, total cases 
Coronary thrombosis, total cases 
Coronary thrombosis alone 

Paroxysmal angina pectoris and coronarj’ thrombosis 

Total cases of heart-block equaled 6.4 per cent of the total of 
vascular cases electrocardiographed (4,274). 


274 


317 


181 


24 


no 

40+% 

65 

23.7 % 

81 

29.5+7o 

45 

16.4+% 

29 

10.5+% 

16 

5.8 % 

series 

of cardio- 


Among the 24, or 20.5-i- per cent, of the 117 patients with auriculo- 
ventricnlar block who showed at the same time intraventricular block, 
only 5 belonged to the group in Avhich the block was related to clini- 
cal evidence of coronarj' disease. The proportion was as follows : 2 
patients with partial auriculoventricular block combined with intra- 
ventricular block (lesser degrees) had paroxj'smal angina pectoris 
alone ; 1 patient with partial auriculoventricular block combined with 
intraventricular block (lesser degree) had coronarj' thrombosis alone; 
1 patient with partial auriculoventricular block combined vuth intra- 
ventricular block (left bundle-branch block) had paroxj'smal angina 
pectoris alone ; and, finallj', the fifth patient, showing complete auricu- 
loventricular block combined with intraventricular block (right 
bundle-branch block), had coronarj' thrombosis alone. 

A. Group With Auriculoveidricnlar Block. 


Table VTI 


COMPLETE 

Di 

< 

TRANE 

a 

W 

W 

o 

u 

3IENT 

1 

1 

§2 

Pi 

< 

TOTAL 

Total cases of auriculoventricular 







block 

22 

86 

o 

7 

117 


Clinical evidence of coronary 







disease, total cases 

5 

16 

0 

4 

25 

21.3+% 

Paroxysmal angina pectoris alone 

1 

9 

0 

1 

11 

9.4+% 

Paroxysmal angina pectoris total 

2 

10 

0 

1 

13 

11.1+% 

Coronary thrombosis total 

4 

8 

0 

2 

14 

n.9+% 

Coronary thrombosis alone 

3 

7 

0 

2 

12 

10.2+% 

Paroxysmal angina pectoris and 







coronary thrombosis 

1 

1 

0 

0 

2 

1.7+% 

Intraventricular block, total cases 





24 

20.5+% 


Total cases of auriculoventricular block equaled 2.4 per cent of total of series of 
cardiovascular cases electrocardiographed (4,274). 
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B. Groxi'p With Intraventricular Block of All Degrees. 

Table VIII 

Total Cases of Intraventricular Block 

Lesser degrees 85 

Left bundle-brancL block 77 

Eight bundle-branch block 19 


Clinical evidence of coronary disease, 

total eases 

Paroxysmal angina pectoris alone 

54 

29.8+% 

Paroxysmal angina pectoris total 

68 

37.5+% 

Coronary thrombosis total 

31 

17.1+% 

Coronary thrombosis alone 

17 

9.3+% 

Paroxysmal angina pectoris and 


7.7+% 

coronary thrombosis 

14 

Auriculoventricular block 



Complete 

4 

2.2+% 

Partial 

20 

11.0+% 

Transient 

0 



181 


85 46.9+7o 


24 13.3+% 


Total cases of intraventricular block equaled 4.2 per cent of total of series of cardio- 
vascular cases electrocardiographed (4,274). 


C. Left Bundle-Branch Block. 


Table IX 


Total Cases of Left Bundle-Branch Block 


77 


Coronary disease evident clinically, total 

cases 

41 

53.2 % 

Paroxysmal angina pectoris alone 

27 

35.0+% 



Paroxysmal angina pectoris total 

35 

45.4r+% 



Coronary thrombosis total 

14 

18.1+% 



Coronary thrombosis alone 

6 

7.7+% 



Paroxysmal angina pectoris and 





coronary thrombosis 

8 

10.3+70 



Auriculoventricular block 



4 

5.1+% 

Complete 

1 

1.2+7o 



f Partial 

3 

3.8+7c, 



Transient 

0 




Total cases of left bundle-branch block equaled 1.8 per cent 

of total of 

series of 

cardiovascular cases electrocardiographed 

(4,274). 



D. Bight Bundle-Branch Block. 





Table 

X 




Total Cases of Eight Bundle-Branch Block 


19 


Coronary disease evident clinically, total 

cases 

11 

57.8+% 

Paroxysmal angina pectoris alone 

6 

31.5+7o 



Paroxysmal angina pectoris total 

7 

36.7+7o 



Coronary thrombosis total 

5 

26.3+7o 



Coronary thrombosis alone 

4 

2].0+7o 



Paroxysmal angina pectoris and 





coronary thrombosis 

1 

5.2+7o 



Auriculoventricular block 



2 

10 G PA 

Complete 

1 

5.2+% 


A-VJ.O /O 

Partial 

1 

5.2+7o 




Transient 0 

Total of cases of right bundle-branch block equaled 0.4 per cent oi total of series 
of cardiovascular cases electrocardiographed (4,274). 
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AVc would intorpolalo al this ptdiit, with rspi'cial n-iiarrl to proj:- 
nosis, data foiuo'rnintr a iiuinhor of tin* patients with anriculoveii- 
triindar hoart-hloch, wlios(' etioloirical faelnrs, so far as dinifal ovi- 
donro fjfot's. art* ttthrr tlian coronary disease. 


'r.\in.>. XI 


KTioi.o(ae.\i. r.\eroi:,s Oriin: Tn.\;.' I'.vim.st w. fr.o'.'.MO). 

IvK.si'oN'snn.t, ro?’ Ariaeci.o’.'f's irtetiA!-. tlioiK 

.•aKV 

lUsKASK 

Totai. Casks or .\n;icn.tivrsTKU'ri,M; tn.«<r!; 

1 IT 


.Nellie or .“ittirii'iito riuiiinii* if infe''lii>ti {loim;!;; iVi f;i>-i'; 
CanViovsisfukir syj>li‘ili>i (nineta; si fii-.,.;; j <•;!•■•• tent 

e. 

.'-t NT 

iiiti'.iventrifiilar Iilcffc i 

! 

o.esf',. 

(’(iiim‘ntt:il lii'iirl'tiloft; 

-1 

‘2.Tt K', 

llii;it:ili,-i ilitnxifiilion ( aitii'ii',; ti ■•ii’*".) 

it 


llij.titlieria (ininniv; -1 

Leuviii;; U lialiiiife of ra*.!-* •if reMiisury .ii— <ii nf 

• t 

1.'*. ■ 

c.iikiinwn etioln^y 

I't; 



Amon^ the 4.’i74 rases in which elec troeardio;; rams were math*, there 
were, as noleil in the tahle, 11 eases witli manirest.-itions of digitalis 
intoxication hut only 0 of thes** shtiweil anrienloventrietdar hloel:. 
We can feel reasonahly certain that «li*.xita!is uiven to a few of the 
jiatients with ei»r(tnary thrombosis was nttt responsible for tin* infre- 
(luent heart-block amoni: such ptilietits. Annmir these same 4,274 
jiatit'uts, 81 had cardiovjiscttlar syphilis, anti only 1 itf these sliowcd 
anrieitlovejit rienlar block; tiO hatl acute or sult.ienti* rhenmafie ittfec- 
tion, and otdy (! t»f these shtiwetl atiricnhtvt'ntricnlar blttek; 4 had 
tlijilitheria, anti 2 of thest* sht>wetl anrictilitvt‘ntrictd:ir block, and 
(inally, 2 cases showetl ctmeenital he.-irt -block. Oidy one of the 81 
eases of syjihilis shtiweil intravi*nlricular bloclc, l)i<;it:dis was 
ently not responsible for intravettlrictd.'ir block in any itf onr c.ases. 
sior was rhenmatie infect itm. The "ri»tip v.ith ilijtlitheria was too 
small to be of any sitinifieance. 

Tin; runnxttsis or riir. oAsr.s or iir.Atrr-m.orK AfctnauNi; Tt> tiii; 

I'ltr-sr.Nfi; tm Aitsr.Nor, or t-i.ixit'An r.vn>i:Nfi; or 
t’ttKON'AUV nisr-Asr 

With relation to the itrtienosis in the jmtients who have shown 
heart-block, we have made a division initt two ^ronjts, namely, those 
with and thttse without clinical evidence tif cortttiary disease; it is 
necessary to subdivide them further as follows: (a) jmtients alive at 
last report in whom we cannot foretell the ])rt»bable duration of life; 
and (b) jmtients who are known lo have died. In nearly every instance 
in this latter pronj') death was due to the heart disea.se. 

A. Procpioitis of Cases of Annculovculncular Bloch. — Of the 2o pa- 
tients with anrienloA'ont rienlar block with angina jmetoris or coro- 
^ nary thrombosis or both, nine were alive at last report. Onr records 
show duration of life 00001 x 1111 " to ajre after the discovery of heart- 
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block until the last report as follows: four patients, between 50 and 
60 years of age have lived 8, 3, 0.8, and 0.03 years, respectively ; three 
patients, betw^een 60 and 70 years of age, have lived 4, 2, and 0.75 
years, respectively; and two patients over 70 years old have lived 3, 
and 0.08 years, respectively. 

The remaining 16 of the 25 patients with aurieuloventricular block 
with angina pectoris or coronaiy thrombosis or both have died.* Their 
duration of life according to age after the discovery of heart-block 
was as follows : five patients under 50 years of age lived 10, 2, 1, 1, 
and 0.16 years, respectively ; five between 50 and 60 years of age lived 
2, 1, 0.66, 0.16, and 0.03 years, respectively; four patients between 
60 and 70 years of age lived 1, 0.25, 0.16, and 0.003 years, respec- 
tiA’^ely ; and two patients over 70 years old lived 9 and 1 years, re- 
spectiveljL 

Of the 92 patients with aurieuloventricular block without either 
parox 3 '’smal angina pectoris or coronarj’’ thrombosis, 26 of those fol- 
lowed up were alive at the last report. Our records show the dura- 
tion of life according to age after the discovery of heart-block until 
last report, as follows: seven patients under 50 j’-ears of age have 
lived 10, 5, 1, 0.75, 0.66, 0.5, and 0.4 j^ears, respectively ; six patients 
between 50 and 60 years of age have lived 17, 6, 1, 1, 0.16, and 0.03 
years, respectively; ten patients betAveen 60 and 70 j’^ears old have 
lived 11, 8, 3, 2, 2, 2, 2, 1, 0.33, 0.08 j’-ears, respectivelj’’ ; and three 
patients over 70 j^ears old have lived 3, 0.16, and 0.08 j^ears, respee- 
tivel}’". To the group of Ihdng patients belong sixteen additional 
patients not folloAved up and fifteen patients Avith auriculoA^entricular 
block due to digitalis intoxication or other factors preAuouslj’’ men- 
tioned. 

The remaining 35 of the 92 patients Avith aurieuloventricular block 
Avithout angina pectoris or coronaiy thrombosis liaA^e died.t Their 
duration of life according to age after the discoA'^eiy of block Avas as 
follows: four patients under 50 j’-ears of age lived 2, 0.83, 0.25, and 
0.08 years, respectivelj'-; four patients betAveen 50 and 60 j^ears old 
lived 6, 3, 1, and 1 years, respectively-; seven patients betAveen 60 and 
70 years old lived 2, 2, 2, 1, 0.25, 0.047, and 0.021 years, respectively; 
and sixteen patients over 70 j’-ears old lived 4, 2, 1, 1, 0.9, 0.83, 0.75, 
0.41, 0.33, 0.25, 0.16, 0.16, 0.08, 0.02, 0.02, 0.003 years, respectweljL 
To the above must be added fotir patients aa'Iio shoAved aurieuloventricu- 
lar block due to various other factors previouslj^ mentioned, and Avhich 
eases Ave have not taken into present account so far as prognosis is 
concerned. 


‘Six of these patients died suddenly (two in recognized attacks of 
eight died of congestive failure (one in acute pulmonary edema 1 ■ 
parently in Adams-Stokes attacks. ■' ’ 


angina pectoris) ; 
and two died ap- 


these patients died suddenly; eight died of congestive failure (one in 

edema) ; four died in Adams-Stokes attacks, ten witl noncardiac 
lesions, and six of unknown causes. nunearuiac 
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Summarizing: the alutA’c doscribed grrmips, we find llio average age 
at, and average duration of life after, the discovery of auriculovcn- 
Iricular block as follows; 


Patients (2;3) who have shown auriculovenlricular block with parox- 
ysmal angina pectoris or coronary thrombosis or l)oth: nine were 
alive at the last report, average duration of life, after discovery of 
block 20.3 months, average age 61.4 years; sixteen died, average dura- 
tion of life after discovery of block 22.4 months, average age 65.2 
years. Patients (57) who have shown a\iriculoventricular block with- 
out either paroxysmal angina jiectoris or coronary thrombosis and 
without other known etiological factors; twenty-six Avere alive at 
the last report, aA'orage duration of life after discovery of block 41.2 
months, average age 48. S years; thirty-one have died, average dura- 
tion of life after discovery of hlock 13 months, average age 60 years. 

B. Prog)Wsis of Casca of J ulmveuiricular JUorl :. — Of the 85 patients 
Avith intraA-entricular block Avith paroxysmal angina jjcctoris or eoro- 
naiy thrombosis or both, 31 Avere alive at last re]mrt. Our records 
.shoAv the duration of life according to age after discovery of the 
block AHitil last report in the cases folloAved up as folloAvs; Iavo pa- 
tients under 50 years old have lived S and 3 years, respectively; nine 
patients betAveen 50 and 60 years of age have lived 8, 5, 3, 3, 1, 1, 
0.5, 0.4, and 0.01 years, respectively; eight patients betAveen 60 and 
70 years old Iuia'c liA’cd 3, 3, 2, 3, 3, 3, 0.66, and 0.33 years, respec- 
tively; and four patients over 70 years old have lived 5, 1, 0.5, and 
0.02 yeans, respectively. Eight patients Avere not followed up. 


Fifty-four of the 85 patients Avith intraventricular block Avith an- 
gina pectoris or coronary thrombosis are knoAvn to have died.^ Their 
duration of life according to age after the discovery of the block 
Avas as folloAvs; tAVO patients under 50 years of age lived 2 and 0.16 
years, respectively; lAventy-tAvo patients betAveen 50 and 60 years old 
lived 5, 5, 3, 2, 2, 1, 1, 1, 1, 1, 1, 1, 0.83, 0.75, 0.5, 0.43, 0.41, 0.33, 0.25, 
0.16, 0.08, and 0.003 years, respect iA-ely; lAA-enty-tAvo patients bet.Aveen 
60 and 70 yeai’S old liA'ed 11, 8, 6, 5, 4, 3, 3, 2, 2, 1, 0.66, 0.58, 0.41, 


0.33, 0.33, 0.33, 0.33, 0.26, 0.25, 0.25, 0.07, and 0.02 years, respectively; 


and eight patients over 70 years old lived 1, 3, 1, 0.66, 0.5, 0.33, 0.25, 


and 0.08 j^ears, respectiA'cly. 


Of the 96 patients of intraA’entricular block Avithout paroxysmal 
angina pectoris or coronary thrombosis and Avithout other knoAvn 
etiological factors 54, including 16 patients not folloAved up, belong 
to the group alive at the last report, and our records sIioav duration 
of life according to age after the diseoAmry of block until last report 
as folloAA’^s; four patients under fifty years of age have lived 5, 0.75, 


•Thirty-seven of these patient.s ciiecl suiUlenly (several in recoRnized attacks of 
angina pectoris), and twelve otlier.s arc known to liavo died with conge.stive fnllin-e 
(two in acute pulmonary edema). 
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0.58, and 0.16 years, respectiYely ; nine patients between 50 and 60 
years old liaye lived 8, 5, 3, 3, 0.5, 0.5, 0.33, 0.05, and 0.03 years, re- 
spectively; fifteen patients between 60 and 70 years old bave lived 
11, 9, 5, 4, 3, 3, 2, 2, 2, 2, 1, 0.5, 0.5, 0.08, and 0.05 yeai's, respectively; 
and ten patients over 70 years old have lived 6, 5, 3, 3, 3, 1, 0.16, 0.08, 
0.06, and 0.04 years, respectively. The other 42 patients are known 
to have died;* their duration of life according to age after the dis- 
covery of block was as follows ; five patients under 50 years of age 
lived 3, 2, 2, 0.66, and 0.25 3 ''ears, respectivelj'’ ; thirteen patients be- 
tween 50 and 60 j’^ears old lived 9, 5, 3, 2, 1, 1, 1, 0.66, 0.5, 0.33, 0.16, 
0.08, and 0.05 j’^ears, respeetivety ; eleven patients between 60 and 70 
j^ears old lived 3, 2, 2, 2, 2, 1, 1, 1, 1, 0.41, and 0.16 years, respectively ; 
and thirteen patients over 70 j’^ears old lived 6, 3, 2, 1, 1, 1, 0.83, 0.75, 
0.66, 0.33, 0.25, 0.16, and 0.06 j’-ears, respeetivelj’'. 

Summarizing the data on the above described groups of intraven- 
tricular block, Ave find an aA'^erage duration of life as folloivs : 

Of patients (85) udio have shown intraventricular block with paroxys- 
mal angina pectoris or coronary thrombosis or both : 23 patients fol- 
loAved up Avere alive at the last report, aA'^erage duration of life after 
the discovery of block 27 months, aA^'erage age 61 j’^ears; 54 patients 
died, average duration of life after diseoA’^erj’’ of the block 18 months, 
average age 60.7 j’-ears; the remaining 8 patients Avere not folloAved 
up. Of patients (96) AAdio have shoAvn intraventricular block Avithout 
paroxj^smal angina pectoris or coronary thrombosis and without other 
knoAvn etiological factors: 54 patients Avere alhm at the last report, 
aA’^erage duration of life after discovery of block 29 months, aAmrage 
age, 62 j^ears; 42 patients died, average duration of life after discov- 
eiy of block 18.8 months, average aget 61.1 j^ears. 


SUAIMARY AND CONCLUSIONS 


Our attention has been drawn during the past year to the fact that, 
contrary to one's first expectation and to general impressions, there 
is a marked discrepancj'' betAveen the occurrence of auriculoA’^entricu- 
lar and intraA’^entricular block and the clinical evidence of cox’onary 
disease, namelj’’, angina pectoris and gross myocardial infarction. 
Therefore, Ave haA’^e determined the relathm incidence of concurrence 
of aurieuloA^entricular and intraA'eutricular block, as shoAvn by elec- 
trocardiographj^, and of angina pectoris and of coronaiy thrombosis 
in a large series of patients Avith cai-diovascular sj^mptoms or signs 
carefullj^ studied bj^ ourselves during the past fifteen j^ears. 


‘Ten of these patients are known to have died suddenly ; fifteen died in confrestive 
lallure (one in an attack of cardiac asthma), one died during an attack of coronarv 
thrombosis, and one in an Adams-Stokes attack. 

average age is based on the cases with known ages, and not on the total 
number of cases, as there are missing records in a few instances. 
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We have foxuid that only 8.8 per cent of 700 patients with angina 
pectoris uncomplicated hj’ clinical coronary thrombosis showed heart- 
block, either auriculoventricular block (1.1 per cent) or intraven- 
tricular block (7.3 per cent), or both (0.4 per cent), and that only 13.1 
per cent of 328 cases of coronary thrombosis, with or without angina 
pectoris, showed heart-block, either auriculoventricular block (3.6 
per cent) or intraventricular block (8.9 per cent) or both (0.6 per 
cent) . 

Conversely, of 117 patients with auriculoventricular block in the 
series, only 9.4 per cent had angina pectoris without clinical coronary 
thrombosis, and only 11.9 per cent more had clinical evidence of 
coronary thrombosis with or without angina pectoris, making a grand 
total of '21.3 per cent of cases of auriculoventricular block with clear 
evidence of coronary disease. 

Finally, of 181 cases of intraventricular block of all grades, includ- 
ing 77 cases of full left bundle-branch block and 19 eases of full 
right bundle-branch block, 29.8 per cent showed angina, pectoris 
without clinical coronary thrombosis, and only 9.3 per cent showed 
coronary thrombosis with or without angina pectoris, malcing a grand 
total of 46.9 per cent of cases of intraventricular block with clear 
evidence of coronary disease. Details as to the relationship of left 
and right bundle-branch block to clinical manifestations of coronary 
disease have been presented; in both groups a few over lialf had 
angina pectoris, coronary thrombosis, or both. 

It is evident that coronary disease or other pathogenesis responsible 
for heart-block, either auriculoA'entricular or intraventricular, does 
not run parallel to gross lesions of the larger arterial stems of the 
coronary circulation, the obstruction of Avhich produces clinical evi- 
dence of coronary disease in the form of myocardial infarction. Of 
special interest is the fact that intraventricular block was relatively 
almost as common in cases of angina pectoris without clinical 
coronary thrombosis (except perhaps as a terminal event) as in 
cases of clinical coronary thrombosis withoiTt angina pectoris. On 
the other hand the association of auriculoventricular and intraven- 
tricular block with coronary disease is frequent enough to be highly 
significant. 

Furthermore, in our series the prognosis of older patients (over 
fifty years old) of heart-block, either auriculoventricular or intra- 
ventricular, is about equally unfavorable whether or not there are 
associated clinical evidences of coronary disease, that is, angina pec- 
toris and coronary thrombosis. 

In the instance of the sixteen patients with auriculoventricular 
block with angina pectoris or coronary thrombosis who died, the aver- 
age age at the time of the discovery of the block Avas fifty-fiA’^e years 
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and the average duration of life after the discovery of the block was 
twenty-two months, while the thirty-one jiatients with fatal aurieulo- 
veutricular block without angina pectoris or coronaiy thrombosis 
recognized elinicallj’’, or other known etiological factors, averaged 
sixty years of age at the time of the discovery of the block and sur- 
vived such discovery an average of thirteen months. 

In the instance of the 54 patients with intraventricular (bundle- 
branch) block with angina pectoris or coronary thrombosis who died, 
the average age at the time of the discovery of the block was sixty- 
one years and the average duration of life thereafter eighteen months, 
Avhile the 42 patients with fatal intraventricular (bundle-branch) 
block without angina pectoris or coronary thrombosis recognized 
clinically averaged sixt 5 ’’-one j’-ears of age at the time of the discovery 
of the block and survived such diseoveiy nineteen months. There are 
a few individuals who survive many years and to old age with aurieu- 
loventricular or intraventricular block. 

It may be concluded from this analysis that the coronary supplj’’ 
to the auriculoventricular node and bundle and its branches is not 
necessarily blocked as a result of the lesion (thrombosis or embolism) 
which blocks the coronary supply to the areas of the heart (anterior 
apical and posterior basal portions of the left ventricular myocar- 
dium) most commonly affected in clinical coronary thrombosis, but 
that such supply may be seriously involved by atherosclerotic or other 
processes with poor prognosis even when there is no associated an- 
gina pectoris or clinical evidence of sudden blockage of the anterior 
descending branch of the left coronary artery or of the main trunk 
of the right. 
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THE USE OP ETHER IN i\IEASURING THE CIRCULATION TIME 
PROM THE ANTECUBITAL VEINS TO THE 
PULMONARY CAPILLARIES^'^ 

"William M. Hitzig, M.D.f 
New York, N. Y. 

TPvURING the past decade tlie circulation time in man has been studied 
•L-' intensively. Discussions of methods emiiloyed in these studies may 
be found in papers by Kisch,^ Blumgart,- Tarr, Oppenlieimer, and 
Sager, ^ and others. Essential^, all circulation-time methods consist of 
the introduction of a foreign, substance into a peripheral sj’stemic vein 
and the measurement of the time interval elapsing between the injection 
and the arrival of the fastest flowing particle at designated points in the 
circulation. 

The signal reactions in such methods are either subjective or objec- 
tive, depending upon the physical and pharmacological characteristics 
of the substance injected. Methods employing physical properties of 
substances as end points (fluorescein, sodium chloride, and radium 
emanation) are mainly objective, whereas methods using substances 
that evoke a specific pharmacological or physiological response are either 
subjective (calcium chloride, sodium dehydrocholate, and saccharin), or 
objective (carbon dioxide, histamine, and sodium cyanide). These meth- 
ods have wide clinical applicability, but they iiresent cei'tain limitations 
since, with the exceptions of radium emanation and sodium cyanide, they 
fail to give more than indirect information as to the velocity of blood 
flow in component portions of the pathway traversed by the injected 
substance. 

By the application of the radium emanation and sodium cyanide meth- 
ods, attempts have been made in the past to study the blood velocity in 
selected segments of the circulation. Blumgart and Weiss* introduced 
radium emanation into a peripheral vein and with the aid of a detector 
determined its arrival at designated points in the patliway, measuring 
thereby the speed of flow in the peripheral (“aim to right heart” time) 
and pulmonaiy (“right heart to arm” time) circulation. Robb and 
Weiss® similaiij- employed small doses of sodium cyanide to obtain 
values for the “peripheral venous” segment, and for the “crude pul- 
monary time.” Valuable as these methods are, they measure arbitrary 
rather then physiological segments of the circulation. 

Until recently, no method had been described which permits the 
differentiation of the right and left heart circuits on a physiological or 

•From the Medical Services and the Laboratories of Tlie Mount Sinai Hospital. 

tEugene Meyer, Jr., Fellow in Pathology. 
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dynamic basis. At a meeting of the Society for Experimental Biology 
and Medicine held April 18, 1934, the author® described the ether method 
as an objective as well as a subjective method elinicallj’' applicable for 
measuring the circulation time of the pathway of the right heart unit. 
By the application of this method, the two sides of the heart with their 
respective afferent and efferent vessels may be studied as functional sub- 
divisions of the vascular pathway which includes the pulmonary circuit. 

The principle of the method consists of the intravenous introduction of 
a volatile substance and the measurement of the time that elapses before 
the odor characteristic of the injected substance is perceived by either 
patient or investigator. During tliis time inteiwal the foreign substance 
passes through the peripheral venous segment, the right heart, and the 
pulmonary arteiy to the pulmonary arterial capillaries whence it volatil- 
izes into the pulmonary alveoli. It then ascends with great rapidity 
through the air passages to the oKaetory organ and is readily recognized. 
Among the volatile substances available for measuring the circulation 
time from the antecubital veins to the pulmonary capillaries, the author 
has found ether to be highly satisfactory, for the following reasons ; 

1. Its volatility at blood temperature is so great (ether boils at about 
35° C.) that even when a small quantity is injected, the amount 
that volatilizes in the pulmonary capillaries during the first circuit 
of the blood is invariably sufficient to be perceptible by smell. 

2. Only a small volume is needed. This permits rapid intravenous in- 
troduction so that the ether will floAv in a small blood volume. The 
advantage of this is that it insults in a sharp definition, not only of 
the time of injection, but also of the time of arrival in the pul- 
monary eapillai'ies. 

3. It gives no constitutional symptoms in the quantities used. In over 
350 patients, some of whom had two and even three injections, no 
untoAvard systemic reactions Avere encountered. In a few instances, 
ether injections seemed to have a transient “beneficial” effect upon 
the circulation. This Avas occasionally observed in the patient Avith 
decompensated heart disease AA^ho stated that his “heart felt better” 
or that he “could breathe more easily” folloAving the injection. 

4. Because of its marked volatility, the measurement can be repeated 
as often as desired. 

5. Paravenous infiltration causes no necrosis. 

Although ether has certain definite adAmntages, it is still not the ideal 
substance. During its injection, the subject may be aware of a “creep- 
ing” sensation along the course of the vein. In about one-third of the 
patients, particularly in those Avhose circulation time is either near the 
upper limit of normal, or delayed, or in those Avhose antecubital veins 
are small, pain of a transient eramplike character may appear im- 
mediately folloAving the injection. This may last a few moments, but it 
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rarely lasts over a miiinte unless the procedure is complicated by para- 
venous infiltration. In sensitive individuals as determined by the Lib- 
man" test, the pain appears to be of higher incidence and greater severity. 
Although it is usually confined to the site of injection, it frequently 
radiates along the course of the vein to the shoulder, and at times may 
conceivably be due to venous spasm rather than direct venous injury. 
A change in structure of the vein as determined by palpation may oc- 
cur at the site of injection. This may vary from simple localized thicken- 
ing to local thrombosis. In a scries of 110 patients in whom the veins 
were carefully observed for a period of at least seven days, localized 
changes in the vein (thickening or thrombosis) occurred twenty-nine 
times, or in about 26 per cent of the eases. Except for the local change, 
this complication has never produced any untoward symptoms. In 
fact, one is usually unaware of its existence since it develops slowly and 
causes no pain, unless there has been paravenous infiltration. Pulmonary 
embolism has never been observed. Should a change take place in the 
structure of a vein, it is usually clinically recognizable from three to 
seven days after the injection. Its delayed appearance suggests a low 
grade chemical endophlebitis which incidentally may occur during the 
administration of other related volatile substances. For example, Vor- 
zimer® obtained a high incidence of venous thrombosis following the use 
of acetone for circulation time studies. In his series, similar pathological 
changes in the veins also became manifest at the local site betw'een the 
third and seventh day. 


I. MATERIAL AND METHODS 

A stud.y Avas made of 352 individuals betw'een the ages of sixteen and 
seventy-five years. Of this group, 272 were w'ard patients* suffering 
from various conditions, 52 w’ere ambulant patients from the out-patient 
department, and 28 were normal young adults between the ages of fifteen 
and twenty -three years. In 164 there Avas no evidence of any circula- 
tory disturbance, Avhereas in a group of 87 jiatients, the eii'culatory 
manifestations of either left or right or universal (left and right) heart 
failure Avere present. 

The ether circulation time from the antecubital veins Avas determined 
in the entire group. In 8 patients it Avas also measured from the dorsal 
ankle veins. The saccharin circulation time and the venous pressure 
Avere measured in 158 patients of the series. 

A. The 3[easurement of the Circuhtwi Time With Ether. — The ether 
circulation time from an antecubital vein is determined by the folloAA'ing 
method: 5 minims (0.33 e.c.) of ether and 5 minims of normal saline are 
draAA'u into a 1 or 2 c.c. syringe to AA'hich a 20-gauge needle is attached. 
The mixture separates out into layers. The individual reclines in bed 

•The."!" patients were stuclleJ on the Medical Services of Dr. George Baehr and 
Dr. B. S. Oppenlieimer, and on the Surgical Service of Dr. Harold Neuhof. 
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comfortably from about fifteen to twenty minutes. His arm is propped 
up to a level corresponding to the right auricle. He is familiarized at 
first with the odor of ether. Ho is then instructed to relax, breathe nor- 
mally, and to announce when he smells the ether. It is advisable to 
forewarn the subject that he may experience momentary discomfort 
at tlie site of the venipuncture during the period of injection. A 
tourniquet is then applied, and the needle is inserted into a large ante- 
cubital vein. After waiting about a minute following the release of the 
tourniquet to allow local circulatory disturbances to subside, the investi- 
gator rapidly injects the mixture, taking onlj’’ a fraction of a second for 
the procedure. The end point is sharp and unmistakable. Moreover, an 
observer in a ]iosition close to the subject can ])erceive the ether odor 
almost as rapidly as the patient. This objective confirmation, valuable 
as it is in itself, becomes of especial importance when studying uncon- 
scious or uncooperative patients. The. time intei’val that elapses between 
the injection of ether and the registration of the end point is clocked with 
a stop watch and represents the circulation time of the pathway of the 
right heart unit. To yield results which will check closely on repetition, 
the subject must relax and must not hold his breath during the pro- 
cedure, for this retards the venous return to the heart. 

The ether circulation time from a dorsal ankle vein is determined in 
the same manner. The individual lies in the recumbent position. The 
chosen vein is raised to the level of the right auricle. The veins being 
of small caliber in this location, a hypodermic rather than a. larger 
needle is preferable for the injection. 

B. The Measurement of the Circulation Time With Saccharin . — For 
purposes of comparison witli the ether circulation time, and for the 
derivation of the circulation time of the pathway of the left heart unit, 
the saccharin method of Fishberg, Hitzig, and King® was employed in a 
group of 158 patients. The procedure is essentially the same as that 
for the ether method. The end point, however, is a sweet taste at the 
back or tip of the tongue. In health, the saccharin circulation time 
(“arm to tongue” time) varies from 9 to 16 seconds. The sodium dehy- 
drocholate (decholin) method of Winternitz, Deutsch, and Bruell,’® re- 
cently studied by Tarr, Oppeuheimer and Sager® was also employed in 
8 normal patients of this series. The saccharin and decholin readings 
agreed very closely (within 1 to 2.5 seconds). 

In a number of the cases studied earlier, delayed local thrombosis 
developed more frequently following the simultaneous or consecutive in- 
jections of ether and saccharin into the same vein at the same sitting. 
This also occurred in two of the patients Avho received decholin-ether 
injections. The incidence of this complication may be considerably 
lessened by employing separate Amins for the injections Avhen saccharin 
or decholin is used in conjunction Avith ether. 
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C. The Meamremeni of the Venous Pressure. — The venous pressure 
was determined by a slight modification^^ of the direct method of Taylor, 
Thomas, and Schleiterl^ Normal measurements with this method vary 
between 4 and 8 cm. of blood. Readings were of value in selected eases 
in determining the presence or absence of circulatoiy disturbances and 
in corroborating the clinical impressions of either left or right heart 
failure. 

Except for general implications, the correlation of the venous pres- 
sure with the ether and saccharin circulation times will not be presented 
in this paper. A later publication on the venous pressure by Dr. Arthur 
M. Pishberg and the author will include such a study. 

n. NORMAL CIRCULATION TIME VALUES 

A. The Normal (Ether) Circulation Time From the Antecuhital Veins 
to the Pulmonary Capillaries. Measure of the Right Heart Unit (Arm- 
to-Lung Time). — In 164 “normal” subjects in whom there were no 
manifest circulatory disturbances, the ether circulation times were dis- 
tributed as shown in Table I. 


Table I 


"Ether Time" From Antecubital Vein.s to Polmoxary Capillaries 


circulation time (sec.) 

NUMBER OF INDIVIDUALS 

3.5-3.75 

9 

4.0-4.75 

40 

5.0-5.75 

39 

6.0-G.75 

42 

7.0-7.75 

23 

8.00 

11 

Total 

164 


The end point was definite in practically every case, only an occasional 
measurement requiring repetition. Repeated injections in a series of 
22 patients agreed either exactly or within from 0.5 to 2 seconds. Read- 
ings of 8.5 to 9.5 seconds were occasionally obtained when the end point 
was recorded only subjectively. After reexamination of these patients 
objectively to exclude local olfactory disturbances, the cii’culation times 
usually fell below 8 seconds. 

The mean ether circulation time derived from the data in Table I is 
5 54 seconds and the standard deviation is 1.25 seconds. As commonly 
interpreted by statisticians this would mean that 95 per cent of all 
normal cases will show a. circulation time of from over 3 to 8 seconds or 
that more than two-thirds of all normal cases ‘will show a circulation 
time between 4.3 and 6.8 seconds. The range actually varied from 3.5 
to 8 seconds. 

An analysis of our normal series reveals no apparent relationship 
between the “ether time” and the age, sex, or venous and arterial pres- 
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sures. Similarly, no correlation can be established between the ether 
time and the slight flnetnations in pulse rate which varied in onr patients 
during the period of examination from 70 to 96 beats per minute. In 
5 children between the ages of seven and eleven years, not included in 
the above series, the ether time was faster, ranging between 2.5 and 5.5 
seconds. 

The quantity and physical state of the injected ether evidently bear 
important relationships to the accuracy of the ether circulation time. 
A relationship of the amount of injected ether to the ether time Avas 
recognized folloAving the separate introduction of 0.33 c.c. and 0.15 e.c. 
of ether into a group of 8 patients and comparing results. In each in- 
stance, not only Avas the end point witli the smaller dose less defined, 
but the circulation time shoAved a prolongation of from 1.5 to 3 seconds. 
The delay as Avell as the lessened acuity of the end point Avere even more 
marked Avhen 0.15 e.c. of ether Avas dissolved in 3 c.c. of saline and 
injected into the same group of 8 patients. The prolongation of the cir- 
culation time in the latter instance maj*- be attributed, first, to an in- 
creased Amlume Avhich requires a longer injection time ; second, to the 
use of dissolved ether Avhieli apparently volatilizes less completely and 
less readily in the pulmonary capillaries than ether not in solution ; and 
third, to the loAA'er pressure gradient of the ether in the alveoli AA^hen 
smaller quantities of the substance arc employed. 

To prove that the pressure gradient of ether in the pulmonary bed is 
adequate Avhen 0.33 c.c. (5 minims) of ether is employed, this quantity 
(0.33 e.c.) and double this quantity (0.66 c.c.) Avere injected separately 
into a group of five patients and the results compared. Although the 
end point Avas sharper folloAving the larger dose, the ether time Avas 
not significantly accelerated. 


Tablk II 


CoMPARisox OF Ether Tijces Obtained AVith 0.33 c.c. and 0.66 c.c. of Ether 


CASE NO. 

ether time 
(0.33 C.C.) 

SEC. 

ETHER TIME 

(0.66 C.C.) 

SEC. 

1 

6.0 

5.0 

2 

4.5 

4.5 

3 

7.0 

6.0 

4 

7.5 

6.0 

5 

5.0 

4.5 


A quantitative relationship betA\^een rate of respiration and the ether 
time undoubtedly exists. Such a relationship was also found by Fish- 
berg, Hitzig, and King in their saccharin studies. Rapid breathing Avill 
hasten the venous return to the right heart and thereby accelerate the 
circulation time, Avhereas sIoav breathing Avill retard the venous return 
and prolong tlie circulation time. In a small group of patients Avhose 
“ether times” Avere near the upper limit of normal (6 to 8 seconds), 
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rapid breathing (40 per minale) caused an acceleration of blood flow 
of 1 to 2.5 seconds, -whereas in patients -with “ether times” of 4 to 6 sec- 
onds, the acceleration, if present, did not exceed 0.5 to 1.5 seconds. 

Strictly speaking, the ether time includes , not only the time -which 
elapses during the passage of ether from the anteeubital veins to the pul- 
monary capillaries, but also the interval required for its flow tlirough 
the tracheobronchial system to the nose. However, because of the rapid- 
ity with which a light gas diffuses in a gaseous mixture, it may be as- 
sumed that the time required for the ether to flow from the pulmonary 
alveoli to the nasopharynx is negligible in comparison with the actual 
circulation time. Hence, for practical purposes, the pulmonary arterial 
capillaries may be regarded as the site of the ether end point. 

The question arises whether the phase of the respiratory cycle during 
which the injected ether is discharged into the lungs affects the circula- 
tion time. The speed of passage of ether from the alveoli to tlie olfactory 
organ will depend primarily on the pressure gradient of ether at the 
pulmonary bed. If this pressure gradient is assumed to be adequate, 
the modifying factors involved consist of the to-and-fro movements of 
air during inspiration and expiration. From a theoretical consideration 
of the law of diffusion of gases ami of the normal velocity of air during 
the two phases of the res])iratory cycle, it is clear that the diffusion of 
ether -\\dll offset to a varying extent any retardation due to inspiration 
or any acceleration due to expiration. 

B. The Gom.'parkon- of the Normal Ether to the Normal Saccharin Cir- 
culation Time . — Of particular interest is the comparison of the ether 
time, which is a measure of the circulation time from the anteeubital 
veins to the arterial capillaries of the lung, with tlie “saccharin time,” 
which determines the speed of tlie circulation from the anteeubital veins 
through the lungs to the ca])illaries of the tongue. In a consecutive 
group of fifty-two normal subjects the percentage relationship of ether 
time to saccharin time showed the folloiving variations: 


Table III 

Percentage Relationship of Normal Ether Time to Norjial Saccharin Time 


ETHER 

TIME EXPRESSED AS 

NUMBER OF INDI- 

% 

SACCHARIN TIME 

VIDUALS 


33-39 

6 


40-49 

32 


50-59 

12 


60-66 

2 


This study shows that in 44 (84 per cent) of the 52 normal patients, 
the ether time was from 40 to 59 per cent of the saccharin time. In 
32 individuals (61 per cent) the ether time was from 40 to 49 per cent 
of the saccharin time. A comparison of the extreme . limits of normal 
ether time (3.5 to 8 sec.) with those of normal saccharin ' time (9 to 
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16 sec.) shoAYs a 39 per cent relationship existing at the lower limit of 
normal and a 50 per cent relationship at the upper limit of normal. 

C. 27ie Normal Gircidation Time. From the Fulmoivary Captlluries to 
the Capillaries of the Tongue as Measured hy the Saccharin Time-“ Ether 
Time” Difference. Measure of Left Heart Vmt [Lung-to-Tongue Time). 
—By subtracting the ether time which is a measure of the right heart 
unit, from the saccharin time which measures the circulation time from 
the antecubital veins to the lingual capillaries,' the circulation time of 
the left heart unit, i.e., from the pulmonary capillaries to the capillaries 
of the tongue, may be obtained. This may be designated as the saccharin 
time-ether time ^ffierenee. Although the difference between the maxi- 
mum saccharin time (16 sec.) and the maximum ether time (8 see.) 
is 8 seconds, the saccharin time— ether time difference in the fifty -two 
normal subjects varied between 4.5 and 9.5 seconds. Consequently , one 
may conclude that in a normal individual the maximum time required 
for a foreign substance to pass from the capillaries of the lung to the 
capillaries of the tongue or to traverse the pathway of the left heart 
unit will usually not exceed 9.5 seconds. Such a maximum difference 
was recorded in only four individuals of the normal series. This quan- 
titative relationship of the ether time to the saccharin time, that is to 
say, the saccharin time-ether time difference, becomes of particular 
importance in the study of patients with circulatory disturbances. 

D. The Normal Ether Circulation Time From the Dorsal Ankle Vein 
to the Pulmonary Capillaries. — The circulation time from the dorsal 
ankle vein to the pulmonary capillaries was recorded in eight normal 
patients. The end point was sharp in every case. The series is, how- 
ever, too small to allow conclusions as to the limits of normal. 

Table IV 


Ether Time From Anticupital and Dorsal Ankle Veins to Pulmonary 

Capillaries 


case no. 

PROM ANTECUBITAL VEIN 
(SEC.) 

PROM DORSAL ANKLE VEIN 
(SEC.) 

1 

8 

18 

2 

6 

24 

3 

5 

30 

4 

7 

23 

5 

6 

20 

6 

7 

34 

7 

6 

30 

8 

5 

16 


In this group the ether time varied from 16 to 34 seconds. Many 
factors probably affect the circulation time from the lower extremity, 
namely, the age and height of the individual, the tortuosity of the veins 
of the lower limb, and the intra abdominal pressure. 

Because of wide fluctuations of the normal ether circulation time from 
the dorsal ankle veins, this procedure has limited application. Com- 




1088 


THE AMERICAN HEART JOURNAL 


parative determinations from both lower - limbs may be of value, how- 
ever, in cases of unilateral edema or venous obstruction. This is well 
illustrated by observations in the following case. 

Case. — fifty -year-old female, following a febrile illness, developed 
massive enlargement of her left lower extremitj’’ six months before she 
came under our observation. With the exception of the tense pitting 
edema which extended upivard to the inguinal region, she was in good 
physical condition. The differential diagnosis rested between venous and 
l 3 ^mphatic obstruction. 

The ether circulation times from the anlvle veins of both limbs and 
the venous pressures in both femoral veins were determined above the 
area of edema (4 cm. below the inguinal ligament). The results are 
given in Table V. 

Table V 


LO'^VER EXTREMITV 

ETHER TIME (ANKLE) 

VENOUS PKESSUEE (FEJtORAL) 


(SEC.) 

(cm. of blood) 

Eight 

17.5 

6.0 

Left 

.^1.0 

20.5-f-’- 


‘Blood clotted in manometer at this level. 


A comparison of the ether times and venous pressures shows eon- 
clusivelj^ the presence of venous obstruction above the left femoral 
vein probably due to an old tiirombophlebitis of either the left common 
or the left external iliac vessel. Coexisting lymphatic obstruction, how- 
ever, could not be excluded. 

in. CmCULATION TIMES IN HEART F^ULURE 

A. Failure of the Left Side of the Heart.— T!ho subject of circulation 
times in failure of the left side of the heart was noted bj' Hitzig® and 
has been discussed at length by Hitzig, King, and Fishberg.^® Their 
study reveals that in most instances of left ventricular failure, whether 
due to hypertensive, arteriosclerotic, sj’^pMlitic, or rheumatic heart dis- 
ease, the ether time may be within normal limits, but the saccharin time 
may be much prolonged. The resulting abnormal increase of the sac- 
charin time-ether time difference suggests that the retardation of blood 
velocity in such instances is localized to the pathway of the left heart 
unit or to that portion of the arm-to-tongue circulation which is beyond 
the pulmonary arterial capillaries (lung-to-tongue segment). The nor- 
mal sj’stemic venous pressure and the normal ether time testifj' un- 
equivoeallj’" to the functional efficiencj’^ of the right ventricle. In other 
eases, however, even though the venous pressure remains within normal 
limits, the ether time may be moderatelj- prolonged, oceasionallj* to 14 
seconds. This maj' occur particularly when the left ventricular insuf- 
ficiencj^ is severe and the pulmonaiy engorgement pronounced. The ab- 
normal ether and saccharin times point to retardation of bloodrvelocity 
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in, both the arterial and venous portions of the pulmonary circuit. As 
a rule, the saccharin time-ether time differences in such instances also 
show disproiiortionate prolongation indicating that in these cases the 
rate of pulmonary blood flow is also predominantly slowed in the seg- 
ment beyond the pulmonary arterial capillaries. The. prolongation of 
the ether time in left ventricular failure may really be regarded as a 
manifestation of “incipient” failure of the right side of the heart. It 
reveals that although the right ventricle is able to maintain a normal 
systemic venous pressure, it is unable, laboring as it is against an in- 
creased pulmonary resistance (hypertension of pulmonary circuit), to 
maintain the normal blood velocity through its circulatory pathway. 
As has been mentioned by Hitzig, King, and Pishberg, normal circula- 
tion times are occasionally encountex*ed in left ventricular failure. This 
was also recently observed in a ease of malignant hypertension in which 
the venous pressure was 6 cm. of blood, the ether time was 6.5 seconds 
and the saccharin time was 13.5 seconds. 

B. Failure of the liifjtit Side of the Heart . — ^When the general venous 
pressure is elevated because of intrinsic functional or organic disease of 
the heart, the ether circulation time, except in occasional cases, is pro- 
longed. Such prolongation appears to be proportional to the degree 
of myocardial insufficiency, or roughly to the height of the venous pres- 
sure. The ether times in eighteen eases of frank right heart failure 
which were of rheumatic, syphilitic, and arteriosclerotic etiology varied 
from 9 to 27 seconds. The saccharin times were correspondingly or 
disproportionately prolonged. The saccharin time-ether time differences 
were either within normal limits or slightly or markedly increased. They 
ranged from 9 seconds (upper limit of normal) to as high as 32 seconds. 
The variation in the lung-to-tonguc time appears to be related to the de- 
gree of pulmonary congestion. Of interest in this regard are two cases 
with contrasting clinical pictures which exhibit the above extremes in the 
saccharin time-ether time difference. The circulatorj’- disturbance in one 
case suggested at first the possibility of primary right heart failure. The 
venous pressure was 26 cm. of blood; the ether time was 17 seconds, the 
saccharin time was 26 seconds ; and the saccharin time-ether time differ- 
ence was 9 seconds. This patient had marked cyanosis, no dyspnea in bed, 
veiy little, if any, orthopnea, and no clinical signs of pulmbnaiy engorge- 
ment. There was peripheral edema, but no hydi'othorax.’ -Post-mortem 
examination revealed extensive coronary artery disease with recent 
thrombosis of the right posterior descending branch and myomalacia of 
the posterior wall of the left ventricle and septum. In the second pa- 
tient, who also suffered from severe coronary artery disease with recent 
thrombosis, the extreme slowing of pulmonary blood flow which occurs 
most strikingly in association with failure of the left ventricle was well 
illustrated by the following measurements. The venous pressure was 
22 cm., the ether time was 26 seconds; the saccharin time was 58 sec- 
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onds; and the saccharin time-ether time difference was 32 seconds. 
Clinically, he ivas acutely ill, cyanotic, dyspneic, and orthopneic at rest, 
and he presented signs of marked, pulmonary engorgement. He had 
bilateral hydrothorax for which he was tapped on several occasions. 
At post-mortem examination severe coronary artery disease, recent 
thrombosis of the left circumflex and right coronaiy arteries, and myo- 
malacia of both ventricles were found. Ascites was also present. From 
these clinical, circulatory, and anatomical observations it may be said 
that although in each case both ventricles were functionally incapacitated 
due to the same disease proce.ss, the dynamic disturbance ivas chiefly 
right-sided heart failure in the first ease, and predominantly left-sided 
heart failure in the second ease. Since both patients had almost identical 
venous pressures, it is interesting to correlate the clinical pictures ndth 
the enormous variations in the lung-to-tongue time. Since the lung-to- 
tongue time appears to lie a rough index of the extent of congestion 
in the venous segment of the pulmonary circuit, the absence of hydro- 
thorax in the first patient and its occurrence in the second patient sug- 
gest a possible relationship between the genesis of this condition and the 
degree, of prolongation of the saeehai'in time-ether time difference. 

True cases of “isolated” primary right heart failure were not ob- 
served. 

C. Heart-Block . — Pour patients ndth heart-block and accompanying 
bradycardia were studied. In one patient with partial heart-block and 
a pulse rate of 45, the ether and the saccharin times were within normal 
limits. In another patient with complete block and a bradycardia of 
32, the lung-to-tongue time, as manifested by a saccharin time-ether 
time difference of 17.5 seconds, was considerably slowed. The ether 
time and. the saccharin time were 7.5 and 25 seconds, respectively. 

In two eases of complete heart-block with bradycardias which fluctu- 
ated between 28 and 35, both the ether time and the saccharin time 
were abnormally delayed. Despite the presence of normal venous pres- 
sures and compensatory arterial pressures (systolic hypertension and 
high pulse pressure), the ether times Avere 10.5 and 12.5 seconds and 
the saccharin times Avere respectively 29 and 32 seconds. In both of 
these cases, the high saccharin time-ether time differences indicated dis- 
proportionate prolongation of the lung-to-tongue time. The retardation 
of pulmonary blood floAV in these cases may be attributed not only to. 
the left ventricular insufficiency but also to the profound sloAving of the 
heai’tbeat. 


IV. CIRCULATION THIES IN INTRATHORACIC DISEASES 

A. Media^stinal Tumor With Superior Vena- Cava Syndrome . — In tivo 
patients suffering from mediastinal tumor Avith local eleAmtion of the 
venous pressure, the ether time Avas high normal (7.5 and 8 sec.). 
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whereas in a third patient it was slightly retarded (10 sec.). Readings 
obtained with saccharin showed eorresiionding alterations of the sac- 
charin time, but the saccharin time- ether time difference was within 
normal limits in all three cases. Observations with saccharin alone were 
made by Fishberg, Hitzig and King^^ in a fourth patient who presented 
a classical superior vena cava syndrome due to mediastinal Hodgkins 
disease. Despite an elevation of the venous pressure to about 32 cm., 
the saccharin time was 14 seconds from one antecubital vein and 18 
seconds from a corresponding vein on the other arm. 

Although the velocity of blood .flow in the peripheral venous segment 
is probably retarded by a mediastinal tumor which causes stasis in the 
large systemic veins, the ether time may still remain within normal 
limits. As previously stated, the ether time in patients with right heart 
failure is usually prolonged to a degree which parallels the elevation of 
the systemic venous pressure. With, a venous pressure elevation in right 
heart failure comparable to that usually obtained in mediastinal tumor, 
the circulation times with ether and saccharin would be considerably 
retarded. This observation indicates that the slowing of the ether 
circulation time occurs most markedly when the circulatory disturbance 
involves the entire pathv/ay rather than only the peripheral venous seg- 
ment of the right heart unit, 

B. Plcuropuhnomrif Dise<is6 $. — The ether and saccharin circulation 
times were determined in a large group of patients who suffered frpm a 
variety of diseases involving the lungs and pleurae. The diseases stud- 
ied included pneumonia, pleurisy with effusion, bronchial asthma, bron- 
chiectasis, and pulmonaiy tuberculosis. The determinations were within 
the limits of normal except in occasional patients in whom the clinical 
picture was complicated by myocardial insufficiency and an elevated 
venous pressure. 

0. TInilateral Functioning Lnngs . — ^It is common knowledge among 
clinicians that the circulatory dynamics are only rarely disturbed in 
pulmonary conditions ivith single functioning lungs. This fact is sub- 
stantiated objectively by circulation time studies Avliich reveal con- 
clusively that in such cases the velocity of blood flow through the lungs 
is almost never retarded. For example, in two eases of unilateral ten- 
sion pneumothorax, in which there was moderate cyanosis and slight 
elevation of the venous pressure due probably to compression of the 
mediastinal veins, the ether and saccharin times were normal. Normal 
circulation times and venous jiressures were recorded in four patients 
with massive unilateral pleural effusions of the idiopathic type despite 
the moderate shifting of the mediastinum to the unaffected side. Normal 
circulatory measurements were also obtained in a case of obstruction 
of the main bronchus with massive unilateral atelectasis, despite the 
presence of a moderate degree of cyanosis. 
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Circulatory studies were also carried out in conjunction with Dr. Har- 
old Neuhof in eight patients with extensive unilateral disease of the 
lungs. 

Table VI 


CASE 

NO. 

PULSE 
(PER JtIN.) 

RESPIRA- 

TION 

(PER MIN.) 

VENOUS 

PRESSURE 

(CM.), 

ETHER 

TI.ME 

(SEC.) 

SACCHARIN 

TI.ME 

(SEC.) 

1 

96 

22 

4.0 

2.75 


2 

88 

20 

3.5 

3.00 

7.0 

3 

92 

20 

5.0 

3.00 

7.5 

4 

98 

18 

4.0 

4.00 

8.5 

5 

86 

22 

4.0 

3.50 


fi 

88 

20 

5.0 

4.00 

10.0 

7 

94 

20 

3.0 

3.00 


8 

100 

20 

4.0 

4.00 

8.5 • 


Althougli one lung was functionally eliminated by disease or opera- 
tion or both, the venous pressures in this series ranged between 3.5 and 
5.5 cm. and the ether times fell between 2.75 and 4 seconds. The sac- 
charin times in five of these patients varied between 7 and 10 seconds. 
Three of these patients showed a faint degree of labial cya7iosis. The 
above findiiigs may be indicative of an accelerated pulmonary blood 
flow which may result from mechanisms compensating for the diminished 
aerating surface of the lungs. 

r\^ CIRCULATION TIMES IN BLOOD DISEASES 

A. Polycythemia . — In two patients suffering from uncomjjlicated poly- 
cythemia, vera, the ether time and the saccharin time were proportion- 
ately prolonged. In a third patient the circulation times were normal. 
The venous pressures were normal in all cases. 


Table Yll 


CASE NO. 

CIRCUL.\TION TI.MES IN POLYCYTHEMIA irERA 

ETHER TIJIE 

SACCHARIN TIME 

1 

11.5 

21 

2 

12.0 

22 

3 

7.5 

16 


B. Anemia . — The ether times in five cases of secondaiy anemia were 
between 3.5 and 4.5 seconds while the saccharin times varied between 8 
and 11.5 seconds. In one case of pernicious anemia, the ether time was 
6.5 seconds and the saccharin time was 14 seconds. 

v. THYROID DISEA.se 

A. Graves’ Disease . — This subject has been studied extensivelj'- by 
Blumgart and by Tarr, Oppenheimer and Sager. In a series of six 
patients observed by the author, the ctlier circulation times ranged 
between 3 and 4.5 seconds, whereas the saccharin times varied between 
7 and 9.5 seconds. ' ' • 
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B. Postoperative Hypothyroidism . — Cases of true myxedema were not 
observed. However, in three patients whose basal metabolic rates fol- 
lowing subtotal thyroidectomy fluctuated between minus 20 and minus 
30 per cent, ether times ranging between 7 and 8.5 seconds were ob- 
tained. The saccharin times v/ere also near the upper limit of normal. 

VI. MISCELLANEOUS CONDITIONS 

Normal ether circulation times were also obtained in a variety of other 
clinical conditions in Avhich there was no evidence of any coexisting 
circulatory disturbance. These included acute and chronic nephritis, 
nephroses, and cirrhosis of the liver. 

COMMENT 

The ether time, which measures the speed of blood flow from the 
antecubital veins to the pulmonarj' capillaries, serves as an index of the 
functional capacity of the right heart. Similarly the saccharin time- 
ether time difference determines the functional capacity of the left heart. 
With the exception of polycythemia vera in which there may also be 
universal retardation of the velocity of blood flow, the ether time ap- 
pears to be normal in all noncardiae conditions that have been studied. 
Elevation of the venous pressure in the large systemic veins, unless 
caused by functional insufficiency of the right ventricle, is rarely ac- 
companied by a significant prolongation of tlie ether time. This im- 
pression is based upon the findings in cases of mediastinal tumor and 
tension pneumothorax. Another interesting observation on this point 
Avas made in a patient ivho had unilateral elevation of the venous pres- 
sure (21 cm.) due probablj" to axillary or subclavian vein thrombosis 
Avith suspected partial recanalization. The ether time in that arm was 
7.5 seconds. In the opposite arm Avhere a A^enous pressure of 7 cm. was 
obtained, the ether time Avas 5.5 seconds. This shoAVS that although there 
Avas a retardation of 2 seconds as compared Avith the sound side, the 
ether time on the abnormal side Avas stiU. within the normal range. 

Prolongation of the ether time and of the saccharin time-ether time 
difference occurs not only in franlv right heart failure but also in left 
ventricular failure AAffien the functional capacity of the right ventricle 
becomes insufficient to master the increased resistance in the pulmonary 
circuit. Although in these cases the prolonged ether time offers the 
only evidence of insufficiency of the right ventricle, this circulatory de- 
rangement is indicative of incipient failure of the right heart despite 
the presence of a normal A-enous pressure. There are also occasional 
cases of frank right heart failure secondary to antecedent left ventricu- 
lar failure, in AA’hich the saccharin time-ether time difference may remain 
Avithin the normal range, even though the ether and saeeliarin times 
are retarded. These findings are compatible with the well known din- 
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ieal concept, recently emphasized by Fishberg,^" that the pulmonary con- 
gestion associated with left ventricular failure may often be considerably 
lessened upon the advent of right heart failure. 

The comparative study of the ether and saccharin times in various 
types of heart failure is of value in localizing the portion of tlie circula- 
tion in which blood flow is retarded. By the combined application of 
these methods, evidence has also been obtained wJiicli offers convincing 
support to the “backward failure” theory of lieart failure. At the 
suggestion of Dr. Ernst Boas, interesting observations in tliis regard 
were recently made in a case of essential lij^pertension with progressively 
developing heart failure. When first seen, this patient presented tlie 
classical syndrome of left ventricular failure. The venous pressure was 
T cm. of blood, the ether time was 7 seconds, and the saccharin time 
was 23 seconds. Two weeks later the venous pressure was essentially 
unchanged, but the ether time was 9 seconds and tlie saccharin time was 
28 seconds. Gradually, within a period of three weeks thereafter, the 
usual phenomena of right heart failure became manifest. The venous 
pressure rose to 17 cm. of blood; the ether time was 16 seconds; and 
the saccharin time was 30 seconds. After a period of bed rest, digitaliza- 
tion, and diuresis, the venous pressure fell to 9 em. of blood; the ether 
time was 8 seconds; and the saccharin time v/as 20 seconds. The measure- 
ments repeated prior to discharge, two weeks later, showed a venous 
pressure of 6.5 em. of blood, an ether time of 7.5 seconds, and a sac- 
charin time of 18 seconds. 


SUMMARY 

1. Ether introduced intravenously may be used as a subjective and 
objective method for the determination of the circulation time from 
the anteeubital veins to the pulmonary capillaries (arm-to-lung time). 
The ether time serves as a measui’e of the functional capacity of the 
right heart unit. 

2. A study was made of 352 individuals. In 164 “normal” adults, 
the ether time from the anteeubital veins varied between 3.5 and 8 sec- 
onds. The ether time from the dorsal anlde veins in 8 adult individuals 
ranged between 16 and 34 seconds. 

3. The percentage relationship of ether time to saccharin time ranged 
from 33 to 66 per cent in 52 normal individuals. 

4. The saccharin time-ether time difference, which is an indirect 
measure of the circulation time from the pulmonary arterial capillaries 
to the capillaries of the tongue (lung-to-tongue time), may seiwe as an 
index of the functional capacity of the left heart unit. The range in 52 
normal subjects was 4.5 to 9.5 seconds. 

5. Prolongation of ether time usually occurred in right heart failure, 
in certain instances of left heart failure with incipient right heart fail- 
ure, in heart-block, and in polycythemia vera. 
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6. The ether time in three cases of mediastinal tumor with compres- 
sion of superior vena cava was either high normal or oiilj- slight retarded, 
despite the elevation of the venous pressure in tlic large systemic veins. 

7. In all other clinical conditions uncomplicated by insufficiency of the 
right heart, the ether time was usually within normal limits. 

8. Ether and saccharin circulation times in conditions associated with 
unilateral functioning lungs are either extremely rapid or within the 
lower limits of normal. The accelerated jiulmonarj’- blood flow may be 
an expression of mechanisms operating to compensate for the diminished 
aerating surface of the lungs. 

9. A comparison of the ether and saccharin time is of value in localiz- 
ing the segment of the circulation in which blood flow is retarded. 

10. Evidence obtained by the ether and saccharin methods supports 
the “backward failure” theory of heart failure. 
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Department of Clinical Reports 


A CASE OF PULSATING SPLEEN IN MITRAL AND 
TRICUSPID DISEASE'^ 

Don C. Sutton, M.D., and Vance Rawson, M.D. 

Chicago, III. 

M ANGES^^ was tlie first to report a case of pulsating spleen in 
mitral and tricuspid disease. Except for the following case, no 
instance of pulsation of the spleen has been observed in the large 
number of cases seen in the Cardiac Follow-up Clinic of Cook County 
Hospital. 

An Italian girl, seventeen years of age, was referred to the cardiac clinic on 
March 31, 1931, following her discharge from the hospital. The only serious illness 
in her past history was scarlet fever in 1927 ; however, in February 1931, dyspnea, 
edema and precordial pain were noticed. A month later, at her first visit to the 
clinic, she was observed to be a well-nourished girl, with normal temperature, but 
with a regular tachycardia of 120 per minute. 

Inspection revealed a diffuse apex impulse in the anterior axillary region, accom- 
panied by a systolic retraction. Neither cyanosis nor edema was present. A dis- 
tinct presystolic thrill was easily felt over the precordium, in addition to the shock 
due to closure of the pulmonic valves. 

Percussion, confirmed by a teleroentgenogram, gave the outline seen in Fig. 1. 
The heart ai-ea extended 12 cm. to the left of the midline and C cm. to the right, with 
a cardiothoracic ratio of 0.70. Systolic, presystolic, and middiastolic mitral murmurs 
were heard, as were the usual moist rfiles ■ in the bases of the lungs. A positive 
"Wassermann reaction was interpreted as being due to a congenital sj-philis. At this 
time neither the liver nor the spleen was palpable. 

Her condition impi’oved until August, 1931, when an auricular fibrillation was 
first observed. In May, 1932, she was referred to the hospital because of con- 
gestive heart failure, at which time only the liver was palpable. On her return 
to the clinic, three months later, she was found to have developed a tricuspid insuf- 
ficiencj', as evidenced by the enlarged, p)ulsating liver, and positi%'e venous pulsation 
in the veins of the neck. At the same time there was felt a large spleen, extending 
to the crest of the ileum, with definite expansile pulsation. Other clinicians in at- 
tendance have confirmed these observations. 

At present her condition is unaltered, her blood lU'cssure as heretofore being 
120 mm. systolic and 70 mm. diastolic. The pulsations of both liver and spleen have 
shown no change since August, 1932. Following the oral administration of hippuran, 
the outlines of the kidneys, liver, and spleen were plainly visible, as verified by- 
Dr. Roger Vaughn, who interpreted the x-ray pictures. Simultaneous tracings 
of the hepatic and splenic pulsations were recorded upon the electrocardiogram. 
Lead II. The pulsations recorded in the spleen are unquestionably simultaneous 


*Prom the Cardiac Follow-up Clinic at Cook County Hospital. 
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ivitli those of the liver. The illustration (Fig. 1) is a photograph of the outlines 
of the heart, the liver, and the spleen. The cardiac outline is the result of super- 
imposing the 2 meter cardiac shadow upon the chest. 

DISCUSSION 

According to Manges,^ Nicholas Tulpins, of Amsterdam, in 1652 
reported the first observation of pulsation of the spleen. Gerhardt, 
in 1882, reported three eases, all in patients wdth aortic insufficiency. 
In two, the splenic pulsation Avas observed during attaeks of lead 
colic, the pulsaitions disappearing Avith recoA'^ery from the colie. In 
the third ease, pulsation Avas coincident Avith the deA^elopment of 
periearditis. In 1887, Prior reported tAvo eases, one in a patient Avith 
aortic insufficiency, the splenic pulsation appearing during an attack 



If — Showing tlie outline of the heart traced on the chest from the last 2 meter 
heart plate. The liver and spleen were palpated and outlined as shown. 

of typhoid fever. The second patient had a marked dilatation of the 
left A'^entricle, and the pulsating spleen Avas noted during the course 
of a croupous pneumonia. Drasche, in 1888, ohseiwed pulsation of 
the spleen during an attack of pneumonia in a patient Avitli aortic 
insufficiency. Sailer- obsei'A’ed pulsation of the spleen in a patient 
Avith aortic insufficiency, during the course of a terminal bacterial 
endocarditis. 

There have been, therefore, nine instances of the observation of this 
condition, six of AAdiich Avere reported betAA^een the years of 1882 and 
1888. Manges says that he looked for a second case for the next six 
3eais, and Ave liaA'e kept it in mind during the past three j'ears, but 
thus far Ave have not encountered a second case. All the cases re- 
ported, except that of I\Ianges, AAdio found a pulsating spleen in mitral 
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and tricuspid disease, have been observed in tbe presence of aortic 
insufficiency. Our patient bas never sliown any evidence of aortic 
insufficiency. In tbe light of the cases reported thus far, there would 
appear to be four possible explanations for such a condition: 

1. In aortic insufficiency there is probably a direct transmission of 
pulsations to the arteries of the spleen. 

2. Transmission of the pulsations from the pulsating liver. Me- 
chanically, the impulse produced in the vena cava by tricuspid insuf- 
ficiency would have to pass through the capillaries of the liver into 
the portal veins and then into the splenic vein. This appears to us 
to be improbable, as it does also to the anatomists Avhom Ave liaA^e 
consulted. NeA’ertheless, such an explanation cannot be entirely dis- 
regarded. 

3. That there is an anomalous communication betAveen the splenic 
A^ein and the inferior A'ena caAm. Such a communication Avith the v^ena 
cava Avould permit of the direct transmission of the impulse to the 
splenic A’^ein, as it is transmitted'to the hepatic A^ein in IWer pulsation. 
Shepherd® reports that there is a specimen in the museum at McGill 
University in AAffiich there is a large anastomosis betAveen the renal 
and splenic veins. 

4. An arteriovenous communication immlAung tlie splenic A^ein. 
When one considers the anatomy of tlie venous sinuses of tlie spleen 
this Avould appear to be the only possible explanation. 

Unfortunately, so far as is knoAAui, none of the cases reported came 
to autopsj''. HoAvever, the extreme rarity of pulsating spleen makes 
it probable that it can be due only to one of the latter anomalies. In 
our opinion the most likely cause of a pulsating spleen in mitral 
disease and an intact aortic AmWe is the presence of an anomalous 
communication betAveen the splenic A-^ein and the A'^ena caAm. 

SUMMARY 

A case of pulsation of the spleen in mitral and tricuspid disease is 
reported, supplementing the single case thus far repoxded (by Manges). 
Eight cases of pulsating spleen occurring in aortic insufficiency liaA'e 
been reported by others. 
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AMERICAN HEART ASSOCIATION, 1935 

The eleventh animal scientific session of the American Heart Asso- 
ciation was held on June 11, 1935, at the Hotel Claridge, Atlantic 
City, N. J., with Dr. John Wyekoff as presiding officer. The follow- 
ing program was presented. 

Program 

The Duration of Life Following Initial Attack of Heart Failure. J. Murray Steele, 
M.D., New York, N. Y. 

ABSTRACT 


A numerical survey of cardiac patients admitted to the Hospital of the Eocke- 
feller Institute for Medical Eesearch between January, 1920, and December, 1932, 
is presented. Only those individuals, 154 in number, who suffered at some time from 
symptoms of heart failure at rest and whose records continued until death or up to 
January, 1935, were included in the study. 

Of the 154 patients, 66 suffered from heart disease of rheumatic origin, 61 of 
arteriosclerotic and hypertensive origin, 9 of syphilitic origin, and 18 of unknown 
origin. The more clearly defined differences in behavior between the larger groups 
(rheumatic and arteriosclerotic) may be briefly pointed out. Duration of life as 
well as ability to work after the first attack of heart failure was longer in the 
individuals whose disease was rheumatic in nature (3.2 and 1.5 years, respectively) 
than in those whose difficulty was dependent upon arteriosclerosis or hypertension 
(2.6 and 1.1 years, respectively). It appeared also that the individuals in both 
groups whose auricles were fibrillating survived for a considerably longer period 
of time (3.5 years) than did those wdiose rhythm was normal (1.8 years). The 
difference in duration of life in the two groups may be due in part to the fact 
that the rheumatic group was much younger (36.7 years each) than the arterio- 
sclerotic (59.3 years), and in part to the fact that the proportion of cases of auricu- 
lar fibrillation was much greater in the rheumatic group (3:1) than in the arterio- 
sclerotic (1:1). 


In the whole group of 154 patients the average duration of life from the onset 
of the first attack of heart failure was 2.9 years. The yearly decrease in tlie number 
of patients alive following the first attack was found to be proportional to the 
number of living patients, appro.ximately one-fourth dying each year. Three-fourths 
of the original group of patients sustained a second attack of heart failure at rest. 
It is of especial interest that the yearly decrease in number of patients living follow- 
ing a second attack of heart failure was also a logaritlunie curve and that approxi- 
mately the same proportion, one-fourth of the surviving patients, died each year 
The suggestion is, naturally, that heart failure, unless fatal, does not alter to any 
great extent the subsequent length of life. The group of patients who suffer at 
east two attacks of heart failure are also interesting because they comprise that 
large class often labelled “chronic cardiac” which presents complex problems in 
treatment and its evaluation and serves generally as material for comparison of new 
and special methods of treatment with the usual forms of medical care-rest, restric- 
tion of fluids, and the administration of diuretics and digitalis. 
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The Results of Treatment in Cardiovascular Syphilis. Paul Paclgct, Jl.D., and 
Joseph Earle Moore, M.D., Baltimore, Md. See page 3017. 

The Significance of Electrocardiographic Ch.anges in Diphtheria. E. A. Burkhardt, 
M.D., Cary Eggleston, M.D., aiid Lawrence Smith, IM.D., Now York, N. Y. 

ABSTRACT 

This study concerns the relation of the onset of the disease to tlie occurrence of 
manifest changes in the electrocardiogram. Alterations in conduction and in the 
form of the ventricular complexes arc de.scribed; the effects of therapy and the 
clinical manifestations arc discussed. 

The Pathological Analysis of Diphtheritic Myocarditis With Especial Reference 
to Electrocardiographic Findings. Lawrence Smith, kl.D., E. A. Burkhardt, 
M.D., and Carj-^ Eggleston, ^f.D., New York, N. Y. 

ABSTRACT 

The pathological findings in one hundred fatal cases of diplithcria are described. 
In many cases there appears to be a rough parallelism between the degree of change 
of conductivity, as measured by the electrocardiograph, and the severity of the 
anatomical changes. The alterations noted in certain protracted cases suggest that 
diphtheritic myocarditis should bo considered as a cause of secondary heart disease 
a little later in life. 

Peripheral Venous Phenomena in Congestive Heart Failure. William J. Kerr, 
M.D., San Francisco, Calif. 


ABSTR.\C'r 

In the presence of right heart failure the tricuspid valve becomes incompetent, the 
venous pressure is elevated, and the liver becomes obviously distended. Under these 
circumstances the positive jugular pulsation following contraction of the right 
ventricle is propagated widely and under suitable manipulation can be described 
in the veins of the forehead, arms, hands, and legs. It is a stasis wave which 
travels along a distended vein. 

The Relationship of Blood Pressure, Peripheral Vasomotor Activity, and Environ- 
mental Temperature. Ashley W. Oiightcrson, !M.D., Now Haven, Conn. 

ABSTRACT 

In this study a variety of patients was observed under conditions of controlled 
temperature and humidity. Blood pressure readings wei’O correlated with peripheral 
skin temperatures while influenced by different levels of environmental temperature 
and humidity. It was found that in some individuals with hyiiertonsion the blood 
pressure could be raised as much as 100 mm. Hg on changing environmental tem- 
perature and humidity. The elevation of blood pressure was accompanied by a 
peripheral vasoconstriction. Older patients with a less elastic vascular bed did not 
show such marked changes. Normal subjects also showed little or no response to 
changes in environmental temperature and humidity. These observations suggest 
that certain individuals are hypersensitive to changes in environmental temperature 
and humidity. 

The Influence of the Heat Regulatory Mechanism on Raynaud’s Disease. Herman 
E. Pearse, Jr., M.D., Rochester, N. Y. See page lOO.’j. 
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Observations Upon Electrocardiographic Tracings Obtained by the Use of Eso- 
phageal Leads in the Human Subject. W. Hurst Brown, M.D., Baltimore, Md. 

abstract 

The method is described, and the curves obtained are contrasted with standard 
and chest leads. The characteristics of the curves of the auricular complex are 
analyzed in both health and disease. Examples of auricular extrasystoles, flutter and 
fibrillation, and of sinus standstill and heart-block are examined. Animal experi- 
ments designed to elucidate points of a fundamental character are briefly described. 
Tlie indications for the use of esophageal leads are presented. 

The Protective Effect of a Collateral Vascular Bed Upon Coronary Occlusion. 
Claude S. Beck, M.D., Cleveland, Ohio. 

ABSTRACT 

The epicardium was removed. The endothelial layer of the pericardium was 
roughened. The pericardium and pericardial fat became adherent. Bands of silver 
were placed around the major coronary arteries. These vessels were occluded, a 
little at a time, by successive operations. Almost the entire coronary tree was 
occluded with recovery of the dog. A capillary injection of myocardium was ob- 
tained through the collateral vascular bed thus established. 

It would appear that the presence of a collateral vascular bed protects the heart 
from sudden occlusion of a major coronary artery. In this respect the operation will 
serve as a prophylaxis against the ravages of sudden coronary occlusion. 

The Development of Mitral Stenosis in Young People With a Note on the Fre- 
quent Misinterpretation of a Middiastolic Murmur at the Cardiac Apex. E. E. 
Bland, M.D., Paul D. White, M.D., and T. D. Jones, M.D., Boston, klass. See 
page 995. 

Follow-up Study of Sixty-Four Patients With Bight Bundle-Branch Conduction 
Defect. Francis Clark Wood, M.D., William A. Jeffers, M.D., and Charles C. 
Wolferth, M.D., Philadelphia, Pa. See page 105C. 

The Effect of Irregular Cardiac Khythms on the Minute Volume Output of Blood 
From the Heart in Hmnan Beings. Harold J. Stewart, M.D., N. E. Crane, M.D., 
J. E. Dietrich, M.D., and W. P. Thompson, M.D., New' York, N. T. 

ABSTRACT 

Paroxysmal tachycardia, both when the auricles are beating regularly (supra- 
ventricular) and irregularly (auricular fibrillation), as well as the very slow. cardiac 
rhythm of complete heart-block, may be associated with diminished minute volume 
output of blood from the heart in the resting individual. A flbrillating heart slowed 
by digitaUs may be as effective a pump as is that same heart after reversion to 
normal rhythm, the heart still under tlie influence of digitalis. 

The Normal Electrocardiogram in Two Hundred Individuals With Special Befer- 
ence to the Chest Leads. William Hallaran, kt.D., and R. A. fShipley, M.D., 
Cleveland, Ohio. 

ABSTRACT 

Electrocardiograms have been made on 100 men and 100 women between the ages 
of twenty and thirty-five years, .all of whom had a negative historv, negative cardio- 
vascular examination, and normal blood pressure. The normal variations in duration 
amplitude, and contour of the various complexes have been observed and recorded 
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in the three conventional leads and in a chest lead using the apex and left leg. 
Special attention has been paid to slurring of QUS and elevation or depression of 
S-T interval. In twenty-five cases the effect of varying the position of tlie pre- 
cordial electrode, using this method of leading from the chest, has been studied. 
In forty cases, for comparison, the chest lead using the A-P position of the electrode 
has been employed. It has been found that; (1) the magnitude of the QRS and 
T-deflections in males falls within a higher range than in females; (2) there is 
no significant difference between the records obtained using as chest leads (a) the 
apex and the left leg and (b) the apex and the back; (3) variation in the position 
of the precordial electrode produces marked changes in the contour of the QRS 
complex but does not materiallj’ alter the T-wave. 

The Clinical Value of the Pourth Lead, as Observed in 3000 Ambulatory Patients. 

Clayton J. Lundy, M.D., Lawrence L. JlcLcllan, M.D., Charles M. Bacon, M.D., 

and Ray Merchant, M.D., Chicago, 111. 

ABSTRACT 

Clinical and electrocardiographic data were studied in an attempt to determine 
the value of Lead IV. It was found that the fourth lead gave evidence which, either 
as confirmatory evidence or as an additional finding, was helpful in the diagnosis of 
all forms of heart disease. It added tangible proof of the presence of early rheu- 
matic heart disease. In clironic arteriosclerotic heart disease the fourth lead was 
of independent diagnostic value in 20 per cent of the cases, and of confirmatory value 
in 40 per cent. 

A Study of 150 Cases of Coronary Thrombosis Treated With Low Calorie Diets. 

Arthur M. blaster, M.D., Harrj- L. Jaffe, M.D., and S. Dack, Jl.D., New York, 
N. Y. 

AB.STRACT 

In 150 cases of coronary thrombosis the treatment consisted of immediate and pro- 
longed bed rest, an SOO calorie diet and morphine and codeine when necessary. The 
diminished food intake lowered the basal metabolism to minus 20 or minus 30, de- 
creased the heart work, avoided gastrocardiac reflexes. It is believed that the low 
diet was responsible for the prompt disappearance of pain and for the favorable 
outcome of most of the cases. Tlie mortality in the entire series was 13 per cent, in 
the case of first attacks, only 5.5 per cent. Sixty-seven and one-half per cent of the 
patients were able to return to work. 

The following papers were read by title. 

Observations on Cardiovascular Syphilis. Louis A. Kapp, M.D., New York, N. Y. 

ABSTRACT 

An analysis of a series of cases of cardiovascular syphilis is presented. Tlie in- 
fluence of various factors is discussed; (1) personal data (age, race, occupation, 
habits, etc.) ; (2) luetic infection (date of infection, Kahn or Wassermann reaction, 
other luetic manifestations, specific treatment) ; (3) other diseases or infections 
(h 3 'pertension, arteriosclerosis, focal infections, rheumatic fever, pulmonarj- tubercu- 
losis, etc.). 

The frequency, intensitj-, and onset of the outstanding signs and sjuiiptoms are 
stated. Laboratory findings are described. 'Subdivision is made into (a) simple 
aortitis, with or without widening of the aorta; (b) comxilicated aortitis with 
aortic insufiiciency, hypertension, arteriosclerosis, etc., and (c) aortic aneurj'sm. 
Several unusual cases of aneurj-sm of the aorta — ^two with sudden death following 
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rupture of the aorta — are demonstrated. The effect of antiluetic therapy with 
special reference to cardiac insufficiency is discussed. 

Acute Arterial Occlusion: Beestahlishment of Adequate Circulation Through Col- 
lateral Arterial Pathways hy Passive Vascular Exercises. L. G. Herrmann, 
M.D., Cincinnati, Ohio. 

ABSTRACT 

The author has utilized the principle of increasing the arterial circulation in an 
extremity by rliythmic changes in the environmental pressure. Eighteen patients with 
peripheral embolism or arterial thrombosis occurring as a complication of serious 
•cardiovascular disease have been treated successfully by passive vascular exercises. 
A discussion of the pathological physiology of the peripheral circulation after 
sudden occlusion of a major artery is presented with evidence to show that this 
method offers a most efficient and practical means of overcoming, without strain or 
shock to the seriously ill cardiac patient, the circulatory disturbances which result 
from such sudden accidents. „ 

The Etiology and Pathogenesis of Auriculoventricular Heart-Block: Report of 
Representative Cases With Detailed Histopathological Studies. Wallace M. 
Yater, M.D., Washington, D. C. 


ABSTRACT 

There appear to be three chief causes of this condition; calcification in the region 
of the A-V bundle, large gumma in the septum involving the bundle, and fibrotic 
interruption of the bundle or its branches. The first is usually the result of strain 
at the junction of the membranous and muscular portions of the septum or of cal- 
cification of the vegetations of subacute bacterial endocarditis. The third follows 
impairment of the vascularity of the conduction system. The blood supply of the 
conduction system is discussed. Representative eases are presented, with histological 
studies. 

The Relationship of Heart-Block, Auriculoventricular and Intraventricular, to 
Clinical Manifestations of Coronary Disease, Angina Pectoris, and Coronary 
Thrombosis. Jorge Salcedo-Salgar, M.D., Bogota, Colombia, and Paul D. White, 
M.D., Boston, Mass. See page 1067. 

Paroxysmal Tachycardia. John P. Anderson, M.D., Cleveland, Ohio. 

abstract 

Conclusions are based on a study of 100 patients with paroxysmal tachycardia 
observed over varying periods up to twelve years. It is considered to be a functional 
heart condition carrying little or no danger to life b\it causing a great deal of misery 
to those so afifiicted. The effects of various methods of vagal stimulation are dis- 
cussed, as well as the effects of absorption from focal infections. Therapy by 
drugs such as digitalis, quinidine, sedatives, stimulants, gland extracts, ergotamine, 
and mecholin is presented. 

Pactors Influencing the Intensity of the First Heart Sound. Alexander Margolies, 
M.D., and Charles C. Wolferth, M.D., Philadelphia, Pa. 

ABSTRACT 

Tliis study is an attempt to analyze the various factors which mav influence the 
intensity of the first heart sound: namely, age, sex, thickness of the chest wall 
blood pressure, heart rate, heart size, the presence of heart disease and certain other 
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diseases, tlie conduction time (P-B interval), and electrocardiographic evidence of 
myocardial damage and myocardial infarction. Five hundred patients with regular 
sinus rhythm, normal conduction time, and single first heart sounds were used. Sex 
was without influence. Hypertension, thyrotoxicosis, tachycardia, and small heart 
size tended to increase the intensity. Increased age, bradycardia, apical systolic 
murmurs, cardiac enlargement and mj’ocardial disease tended to diminish the 
intensity. The most influential single factor was the auriculoventricular conduction 
time as measured by the P-B- interval. When tlie P-B- interval was short (0.12 to 
0.14 second), the sound tended to be loud; when the interval was long (0.18 to 0.21 
second), the sound tended to be weak; intermediate P-B intervals (0.15 to 0.17 
second) tended to be associated with sounds of medium intensity. Furthermore, the 
evidence suggested that most of the other factors were chiefly operative througl\ 
their influence on the conduction time. The three exceptions were myocardial in- 
farction and thickness of the chest wall which tended to diminish the intensity and 
mitral stenosis which increased it. 

Electrocardiograms on 167 Healthy Infants and Children. Clough Turrill Burnett, 
M.D., and Evelyn Laura Taylor, A.B., Denver, Colo. To be published in 
Am. Heart J. 

The Orthodiagram in the Diagnosis and Treatment of Heart Disease. Chester M. 
Kurtz, M.D., Madison, IVis. 


ABSTRACT 

By the method of Eyster aud Hodges 2,000 brthodiagrams have been made in 
1,350 cases. An extensive follow-up study has been carried out with the same technic. 
Certain conclusions are drami as to characteristic change in the shape of the heart 
in the presence of various valve lesions. It is also shown that by using the prediction 
formulas of Eyster and Hodges, the normal range is extremely narrow and relatively 
small degrees of enlargement can be detected with fair accuracy. The importance 
of certain physical signs in determining cardiac enlargement is demonstrated. 

The Effect of Ouabain Upon Electrocardiograms of Specific Muscle Lesions. J. S. 
Bobb, M.D., M. S. Dooley, M.D., J. G. F. Hiss, IM.D., and B. C. Bobb, M.D., 
Syracuse, K. Y. See page 1012. 

Massive Left Auricle. Louis Faugcres Bishoi), <Tr., M.D., and Andrew Babej’, 
M.D., New York, N. Y. 

ABSTRACT 

The clinical features of two cases are reported and the differential diagnosis from 
effusions and tumors of the chest an.d esophagus is discussed. 


DISCUSSION 

Discussion of the paper, “The Results of Treatment of Cardiovascular Syphilis,”’ 
by Drs. Padget and Moore. 

Dr. Edwin P. Maynard, Jr., Brooklyn, N. Y. — ^I should like to ask Dr. Padget 
from what point he calculated life in those patients who had inadequate and adequate 
treatment. Did he take the duration of life from the time they began treatment or 
from the time of infection with syphilis? It is an important point in statistical 
analysis to date the duration of life from some definite point in the course of the 
disease rather than from the time the patient happens to come in contact with the 
doctor. 
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Br. Earner F. Swift, New YoA, N. Y.— "Was there a distinct difterence in the 
relative comfort of these two groups of patients? Were the symptoms and signs 
of the well-treated patients less than those in the poorly treated group? 

Dr. Julien Benjamin, Cincinnati, Ohio— AVill Dr. Padget please tell us what he 
considers adequate treatment; and whether he is considering as adequate treatment 
that received during the course of cardiovascular syphilis, or that received early in the 
course of the disease? 

Dr. Joseph E. Eirsh, Birmingham, Ala.— Dr. Padget makes no differentiation 
between those patients who come in compensated and those who are decom- 
pensated on admission. My experience in the South, where we have a great number 
of negroes with cardiovascular syphilis, is that if the patients are compensated, anti- 
luetic treatment may help them; if they are decompensated with dyspnea, edema, 
and all the classical signs of heart failure, there is no improvement. Once an in- 
dividual with syphilitic heart disease becomes decompensated, he remains decompen- 
sated, despite all specific treatment, whether it be arsenic, iodides, bismuth, or 
mercury. We find that in sucli patients the mortality is practically 100 per cent, 
despite all treatment. 

Dr. Boy TV. Scott, Cleveland, Ohio. — Some ten years ago I became interested in 
this sub.iect but did not follow it through, so far as therapy is concerned, as ade- 
quately as Dr. Moore has since done. We were very much impressed, and so stated 
at the time, that once the intervention of circulatory failure in the course of 
syphilitic aortic insufficiency occurred, no treatment that we were able to supply made 
any difference in the clinical course of the disease. 

Dr. If. A. Mortensen, Battle Creek, Mich. — I should like to ask if any of these 
patients had antiluetic treatment prior to the discovery of cardiovascular lues. 
Many patients know that they have had sj’philis for years and have had more or 
less treatment prior to the diagnosis of cardiovascular syphilis. In these cases 
may not the final picture be due to inadequate treatment? 

Dr. Paul Padget, Baltimore, Md. — I am grateful to Dr. Maynard for bringing 
up the question concerning dating the duration of life. The duration of life in 
these patients was dated from the onset of symptoms definitely referable to the 
cardiovascular system, with the exception of those who, in the course of routine 
in%'estigation, were found to have cardiovascular syphilis. Obviously this introduces 
some uncertainties, but in this series we saw no better way to meet the problem. 
To answer Dr. Swift, we shall later go into considerable detail concerning the 
ability of these patients to work. Briefly, alleviation of symptoms was a very 
conspicuous feature in those who were well treated and many regained ability 
to work. In answer to several questions about the amount of treatment — we con- 
sider adequate treatment in the presence of cardiovascular syphilis to be at least 
one year of continuous treatment with heavy metal and arsenicals in which the heavy 
metal phase in emphasized, as outlined by Moore, Danglade, and Eeisinger. The 
minimum of the “adequate treatment" group of this series was less than that, but 
there were only three patients so classified who fell short of approximating what 
we considered to be the true minimum, i.e., a year of treatment. In regard to 
treatment for early syphilis, it is to be emphasized that no patient in this group 
had had adequate treatment for early syphilis, and only a few had had any treat- 
ment at all prior to the discovery of the cardiovascular lesions. The incidence of 
cardiac failure was the same in the “inadequate treatment" and “adequate treat- 
ment" groups (approximately one-fourth of each) but was higher in those who died 
in less than a year of observation. 
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Discussioii of papers, “The Significance of the Electrocardiographic Changes in 

Diphtheria’’ and “The Pathological Analysis of Diphtheritic Myocarditis With 

Especial Reference to Electrocardiographic Findings,’’ hy Drs. Smith, Burk- 

hardt, and Eggleston. 

Br. Arthur M. Master, New York, N. Y". — I think it is not surprising that one 
often fails to find pathological changes at post-mortem examination, for we know 
that there may be functional as well as anatomical changes in the heart muscle. 
In certain individuals auriculoventricular conduction defects may appear if the heart 
rate is speeded up by exercise or by giving amyl nitrite, but as soon as the stimulus 
is over, the electrocardiogram returns to normal. 

Br. Clarence B. de la Chapelle, New York, N. Y. — I should like to ask Dr. .Smith 
whether in those hearts which had either auricular or ventricular thrombosis he found 
underlying changes in either the endocardium or the myocardium; also, whether in 
the cases that showed diffuse fibrosis, he saw any evidence of activity, either in a 
healing state or still fairly active. 

Br. Hugo Freund, Detroit, Mich. — should like to ask Dr. Smith if there were 
any changes in the intracardiac ganglia. 

Br. TT. Bernard- Kinlaw, Rocky Mount, N. C. — I should like to ask if any of the 
patients have developed true definite block and recovered. 

Br. E. A. Burlchardt, New York, N. Y. — In the seventeen cases showing conduc- 
tion changes, eleven developed an auriculoventricular block. This complication was 
invariably fatal. Some patients with intraventricular block did recover. 

Br. Lawrence Smith, New York, N. Y'. — ^\Ve have not been able to demonstrate 
any changes in the ganglion cells. Those studies we tried to carry out systematically, 
but our results have not been uniform. Apparently the lesion is one of the con- 
tractile tissue, rather than of the nerve cells proper. As far as the endocardial lesion 
is concerned. Dr. de la Chapelle, the changes have been minimal with one or two 
notable exceptions. There seems to be nothing active beyond these fibrotic sclerotic*' 
changes. 

Discussion of the paper, “Peripheral Venous Phenomena in Congestive Heart 

Failure,’’ by Dr. Kerr. 

Br. Jacob, PolevsTci, Newark, N. J. — In connection with pulsation of the veins 
of the neck, I have seen two cases of young children with mitral stenosis in a per- 
fect state of compensation with no evidence of pronounced right cardiac dilatation 
and surely no relative tricuspid insufficiency, in which the upward pulsation in the 
jugulars led to a diagnosis of patent foramen ovale. One of these patients subse- 
quently died from pneumonia, and the autopsy findings confirmed the original cardiac 
diagnosis. 

Br. Sarold E. B. Pardee, New York, N. Y. — ^Dr. Kerr has spoken of venous pulsa- 
tions as associated particularly with right heart failure. He has also, however, 
mentioned the venous pulsation in association with tricuspid stenosis. I wish par- 
ticularly to emphasize this latter fact because I have also noticed that there was a 
marked auricular venous pulsation in the veins of the neck in patients whom I have' 
considered to have tricuspid stenosis. Two of these patients did not show any par- 
ticular degree of heart failure, and in one of these the pulsation of the veins of the 
neck was the chief complaint for which the patient applied for treatment. This, I 
think, is an important diagnostic sign of tricuspid stenosis. It should be especially 
emphasized because in the diagnosis of this valve lesion we are in need of diagnostic 
signs. The similarity of the murmur to that of mitral stenosis and the frequent 
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presence of both lesions present a considerable problem in diagnosis. Because of 
the difficulty in this diagnosis I feel that I should mention another diagnostic sign 
which has been found in patients witli tricuspid stenosis even though it is somewhat 
off Dr. Kerr’s subject. This is the finding of a very sharply peaked auricular wave, 
like a high gable roof, and well over 2 mm. in height. 

Dr. Sivion Dack, New York, K. Y. — I should like to ask Dr. Kerr if he has been 
able to differentiate between functional tricuspid insufficiency and that due to 
organic changes in the tricuspid valve with the aid of polygraphic records. In 
one patient studied at Mount Sinai Hospital, on whom a post-mortem examination 
was made, there was a definite organic tricuspid stenosis and j'et the polygraphic 
record was not characteristic of that condition. 

Dr. William J. Kerr, San Francisco, Calif. — I would agree with Dr. Master that 
patent ductus arteriosus would be one of the conditions in which systolic pulsations 
transmitted along the venous system would be observed. With respect to functional 
and organic conditions of the tricuspid valve, I should like to say that we do not 
think, on the basis of the mechanism concerned here, that it makes a great deal of 
difference whether one is dealing with a relative or so-called functional tricuspid 
insufficiency or with one which is organic. The relative insufficiencies, of course, 
are usually much more transient, but in practically every patient with congestive 
failure based on failure of the right heart, no matter wliat the cause, these pulsa- 
tions wiU be present. In patients with an organic condition of long standing, the 
waves may be more marked, but this is only a matter of degree. We have made use 
of the double wave auricular and ventricular pulsations in the diagnosis of tricuspid 
stenosis, and I think that tliat is important, as Dr. Pardee brought out. 

Discussion of the paper, “The Kelationship of Blood. Pressure, Peripheral Vaso- 
motor Activity, and Environmental Temperature,” by Dr. Oughterson. 

Dr. James P. O’Hare, Boston, Mass. — ^hlay I ask if all emotional factors were 
eradicated? Are there emotional factors produced in temperament, environment, 
etc.? 

Dr. Louis F. Bishop, Jr., New York, N. Y. — Were these blood pressures recorded 
by any method of recording machine or were they taken with the ordinary mer- 
curial instruments? 

Dr. Ashley W. Oughterson, New Haven, Conn. — In regard to Dr. 0 ’Hare’s ques- 
tion, all that I can saj^ is tliat as you talk to these patients, they do not mind the 
temperatures to which they are exposed. However, a rapid shift of 30 to 35° F. 
involves some little discomfort. If, for example, patients are in a state of full 
vasodilatation at a room temperature of 85° to 87° F., and superimpose on that an 
emotional factor, you may get an immediate vasoconstriction. However, the changes 
initiated by emotional factors do not last over long periods. Nevertheless I should 
hesitate to say that an emotional factor does not play some part. As regards the 
blood pressure, we have no automatic device. We have tried to make many but we 
have not succeeded. The blood pressures are usually taken at fifteen-minute inter- 
vals; some are taken at ten-minute intervals. The temperatures are recorded con- 
tinuously. 

Discussion of the paper, “The Influence of the Heat Regulatory Mechanism on 

Raynaud’s Disease,” by Dr. Pearse. 

Dr. Irving S. Wright, New York, N. Y. — I was very much interested in this 
paper. There is one problem which I should like to bring to Dr. Pearse ’s attention. 
During the past several years, we have seen an occasional patient suffering from 
atypical Raynaud’s syndrome in whom it has been impossible for us to induce 
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It is worth a moment’s time to restate the problem. We have accepted, since the 
time of Eaynaud, that Eaynaud’s disease is a vasomotor disorder attributable to 
some hypersensitivity or overactivity of the sympathetic mechanism. Sir Thomas 
Lewis threw a sceptical note into the assembled opinion concerning this respected 
tradition. He found that some patients -with Eaynaud’s disease reacted to local 
stimuli following interruption of the S 3 Tnpathetic pathways. He postulated some 
fault of the peripheral vessels as the primary factor in this disease. This observa- 
tion immediately started us thinking. As a result, many new, interesting facts are 
developing. 

Now it is unquestionably true that if lumbar sympathetic ganglionectomy is per- 
formed in cases of Eaynaud’s disease, vasoconstrictor color reactions are never 
effected by cold or lowered environmental temperature. Following removal of 
cervical and upper thoracic ganglia, with complete removal of the vasomotor fibers 
to the hands, there is a certain number of cases in which cold produces ischemic 
color reactions. There is also a group of cases in which these reactions are abolished. 
It is the former group that requires further explanation. The work of Dr. White 
and Dr. Freeman may furnish the answer. They have shown that the sympathec- 
tomized vessel becomes hypersensitive to epinephrine and that color and tempera- 
ture responses remaining after operation can be produced by stimuli causing an 
outflow of epinephrine. Whj' the upper and lower extremities behave differently 
remains an enigma. 

As I said before, this problem may not be of broad, clinical interest at the 
moment. Future work along these lines may be applicable to the questions of hyper- 
tension and of many clinical phenomena that involve reactivity of the blood vessels. 

Dr. Sermm E. Pearse, Eochester, N. Y. — To take the questions in chronological 
order, that of Dr. Wright concerning cases in which there is no response to cold is 
first. In this reaction let me warn of the phenomenon of overcooling of which 
Dr. Kerr is so well aware. If the extremities are cooled below about 13° C., there 
is then the reaction of dilatation rather than constriction. So, in testing with cold, 
one has to be careful not to overcool the extremity below this critical temperature. 
However, it is observed that an occasional patient will not respond to an appropri- 
ate degree of cold under test conditions. 1 have observed the paradoxical reaction 
to heat but have not studied any such patients. I am very much interested in 
Dr. Oughterson’s comment about tlie gain in weight, because there is a linkage 
between the psychic personality and the general bodily state of these individuals 
who have exaggerated plienomena, just as there is a linkage with bodj’ type in gall- 
bladder disease, in duodenal ulcer, in Graves’ disease, and so on. And it is true 
that one means of amelioration of sjmiptoms is to have the patients gain weight. 
I have found it rather difficult to accomplish this because they are kinetic indi- 
viduals and do not gain weight easily. Finallj’-, I am very much indebted to Dr. 
Kerr for his suggestion of the aehlorhj'dria, and lie may be assured that I will 
investigate it. One must consider many factors in these individuals since it is 
my feeling that, though we use the term “Eaynaud’s disease,’’ perhaps it is not a 
disease entity but a sjuiiptom-complex in wliich there are diverse motivating factors. 

Discussion of the paper, “Observations Dpon Electrocardiographic Tracings Ob- 
tained by the Dse of Esophageal Leads in the Human Subject,” by Dr. Brown. 

Dr. Arthur M. 2fa^ter, New York, N. Y".— Very many interesting facts have been 
brought out. On the other hand, there is a little difficulty in using the esophageal 
lead, r wonder if Dr. Brown has made comparisons with graphs obtained by chest 
loads, particularly when one electrode is placed on the back at the level of the 
third, fourth, or fifth dorsal vertebra. Chest leads are very easy to use whereas 
the esophageal lead maj' be difficult. 
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around the ward helping as a ward orderly. The pain and discomfort which he 
had in the chest are gone completely, even on moderate exertion. We have not 
tried him out on any extreme exertion, but w'ork as a ward orderly caused no dis- 
tress. Prom the clinical point of view, I should say that the results were highly 
satisfactory at the end of four months. Certainly, subjectively he is tremendously 
improved, and objectively the operation did no harm. 

A second patient, a tiftj"-three-year-old man, came from a family with a history 
of coronary disease. Two brothers had died and a sister had met sudden death. This 
man, a salesman, finally had to give up his work over a period of three years because 
of pain on the slightest exertion. Like the first patient, he had no evidence of failure. 
The circulation time was within normal limits, the metabolism was normal, and there 
was no evidence of disease of the gastrointestinal tract that could in any way ex- 
plain the symptomatology. He withstood the operation very well. At the end of 
five days, lie suddenly developed evidence of occlusion of the aorta at its bifurcation 
and died within twelve hours. At post-mortem examination, it was found tliat he 
had excellent adhesions as the result of the operative procedure, and he had a large 
thrombus at the bifurcation of the abdominal aorta over an atheromatous area. We 
cannot say very much about tlie results in this second case, except, first, he withstood 
the operation very well, and apparently was recovering; and, second, the adhesions 
produced operative!}' were well on their way to formation. 

The third patient was a fifty-one-year-old executive with a typical history of 
angina of effort of seven years’ duration. Usual medical therapy gave only palliative 
relief. Finally, two years ago, he was forced to give up all activities. One year ago 
he had a total thyroidectomy. This procedure was followed by relief from pain, 
but, when an effort was made to relieve him of his myxedema, pain reappeared. 
After one year’s futile effort to establish a favorable dose of thyroid he was 
operated on by Dr. Beck. He withstood the operation very well and has made an 
uneventful recovery. Now, six weeks later, he has had no recurrence of pain, al- 
though the dose of thyroid which produced pain preoperatively is being administered. 
Also activities about the hospital, which brought on pain before operation, are 
tolerated. 

A fourth patient, a surgeon aged fifty years, with definite subjective and ob- 
jective evidence of angina, was operated on. This man, suffering for five years, 
refractory to medical therapy, finally became totally disabled about three and a 
half years ago. He gave a history suggesting coronary thrombosis two and one- 
half years ago. There was no evidence of congestive failure, and the circulation 
time was within normal limits. His convalescence from the operation was uneventful, 
and now, five weeks later, he is comfortable and has but rare mild anginal attacks. 

In summary, four patients with severe coronary sclerosis with incapacitating an- 
gina have been operated on with operative recovery in all cases. One patient died 
five days later from an aortic thrombosis at the bifurcation of the abdominal aorta. 
The other patients at this early date liave all shoum striking improvement, and it is 
hoped that the new coronary circulation will be of lasting aid to the heart. 

Dr. E. Cowles Andrus, Baltimore, Md. — It seems to me Dr. Beck is to be con- 
gratulated upon the careful, pliilosophical fashion in which he approached the prob- 
lem. The possibility of developing a collateral circulatory bed in the heart is, of 
course, of fundamental importance. There are one or two questions I would like to 
ask. It is too much, of course, to demand that the exact conditions which the need 
for such an operation would imply be reproduced in experiments. But in coronary 
occlusion or in gradual diminution of the coronary flow in individuals with coronary 
sclerosis over a period of years, there is a time element which is difiicult to meet 
I suppose, in the acute experiment. Specifically, I personally should like to know 
the lapse of time between the implantation of this graft or the procedure itself 
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calculated to develop a collateral circulation and the liyation of these arteries. 
Is it po.ssible to get the graft to take r.v pout facto, so to speak? 

Tlic problem represented by acute coronary occlusion leaves the heart with an 
infarction upon which collateral circulation must be developed. The ])roblein, as I 
understand it, as ju'csented by Dr. Beck, is, first, the development of collateral 
circulation and later the superimjiosition of a reduced coronary blood .supply. 

I should like to mention a few e.vi>eriments by no means so comjdete as those 
of Dr. Bock’s, which Dr. Bienhofi' has been undertaking in Baltimore and with 
which I have been associated — the implantation of the iimentum through the central 
tendon of the diajihragm about the heart. We can only say that judged by the 
effect of ligating the major arterie.s, a collateral circulation has developed. 'NVe 
have no injection jircparations as yet. Tn .stripjiing tin* graft from the heart, it 
appears that the blood supply has jiassed from the graft into the myocardial tissue. 

Dr. Georpe Fahr, Minneapolis, Minn. — In evaluating this or any other jiroccdure 
for the establishment of a collateral circulation in the heart, it is necc!-'sary to know 
how long it takes to establi.sli this adequate collateral circulation. I am then;fore 
asking Dr. Beck to inform us how long it takes to establish this collateral circula- 
tion from the outside. I am a.sking this because G. von Anrep, who has done ii 
number of these experiments on dogs, assures me that it takes over a year to estab- 
lish an adequate circulation. 

Dr, J^onis Gross, hTew York, N. Y. — It would be of interest to learn whether 
Dr. Beck has attempted to ascertain the changes which may take place in the blood 
vc.«sol.s of the dog's pericardium following grudu.’il occhision of the coronary vessels 
without previous epicardicctomy, Tn the human being, I have been able to show 
that if coronary sclerosi.s and occlusion take jdace .>s]owly. there occurs quite a 
considerable development of epicardial vessels. T have also shown that intramyo- 
cardial anastomoses become increasingly jwominent with advaticing age. Apparently 
this is a normal phy.siological proce.ss and takes place .slowly. 'With this in mind, 
Dr. Lester Blum and I became interested in the question of experimentally in- 
creasing these intramyocardial collateral vessels at a rate considerably faster than 
that which njjparcntly occurs in the human heart. For reasons which 1 hav<' not time 
to go into, we finally decided that a reasonable apjiroacli would be to tic off the 
coronary sinus in dogs. Tliis was performed in a large number of dogs with o.v- 
tremely interesting results. Almost immediately following the coronary sinus tie- 
olf, the coronarj' artery tree becomes enormou.^ly increased in e.xtcnt. This c.an be 
determined easily by injection studies. 

We then subjected these dogs to the crucial experiment of sudden occlusion of 
the most important coronary branch — the left anterior descending. In these experi- 
ments wo were careful to tie off the vessel and cut it between ligalurc.s. As is well 
knowm, such ligation of the left anterior descending coronar\' branch performed 
in the intact animal produces a large infarct almost invariably. However, when 
we performed this operation on a number of dogs which had been previously sub- 
jected to coronarj' sinus tie-off, either the infarct was completely missing, or, in 
fewer instances, the infarct which resulted was considerably smaller than is , gen- 
erally found in unprepared animals. In other words, coronary sinus tic-off in the 
dog’s heart so completely transforms the coronary artery tree that it is either im- 
possible or very difficult to produce an infarct in the heart so treated even by 
employing one of the most severe and dramatic methods at our disposal (sudden 
occlusion of the left anterior descending coronary branch). 

It seems, therefore, that by some such means, at least in the dog’s heart, one is 
able so to affect the myocardial vessels as to stimulate the development of a com- 
pensatory vascular tree which apparently can function under e.Ytromely adverse 
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circumstances. It is of interest that in the dog the operation takes a maximum 
of twenty minutes to perform, requires no splitting of the ribs, and leaves the 
pericardium relatively intact. 

Br. C. W. &reene, Columbia, Mo. — I have watched the development of the an- 
nounced results of Dr. Beck with great interest. It seems to me a plausible and 
hopeful method of producing some slight improvement in a damaged coronary cir- 
culation. The point I raise, however, is that the data from the experiments on 
the injection of methylene blue seem to me to indicate rather a good collateral 
circulation of the anastomotic type, a relation that we have learned in recent years 
to be present in the dog's heart. I am slow to accept the view that the collateral 
circulation is stimulated by the technic of coronary obstruction used in this new 
operation. It is perfectly understandable why Dr. Beck should proceed from the 
standpoint of clinical condition of occlusion and try to imitate it; but from the 
standpoint of facilitating the development of an anastomosis, it does not seem 
necessary to occlude the coronary artery experimentally. I am wondering, there- 
fore, Dr. Beck, if you cannot reverse the interpretation and method with greater 
hope of quickening the development of an anastomotic system by leaving the 
coronary circulation unobstructed. 

Dr. Claude S. Beck, Cleveland, Ohio. — In answer to Dr. Andrus’ question, I 
might say that when a portion of the myocardium is destroyed by infarction the 
damage is irreparable. The scar produced by an infarct does not possess the prop- 
erty of contractility. The blood supply to such scars is not nearly so essential 
as is the blood supply to functioning muscle. The operation that I am developing 
will give the best results in those cases in which fibrosis of the myocardium is not 
far advanced. Obviously, little can be expected from the heart when myocardium has 
been replaced by scar and fat. I believe the operation can prevent further replace- 
ment changes in myocardium. 

The experiments that were illustrated by colored lantern slides were carried out 
in this rotation; The epicardium was stripped off the heart at the first operation 
and adjacent tissues were sutured to the myocardium. For the collateral bed we 
used fibrous pericardium, pericardial fat, pedicle grafts of skeletal muscle from 
the chest wall and omentum brought up through an opening in the diaphragm. Usu- 
ally at the same operation we placed silver bands around the right coronary artery, 
the ■ descending ramus of the left, and the circumflex ramus of the left coronary 
artery, and these silver bands were slightly compressed so that partial occlusion 
was produced. The second operation was carried out after an interval of several 
months. At the second operation one of these major arteries was completely oc- 
cluded. We found by experience that we could occlude the descending ramus of 
the left or the circumflex ramus of the left coronary artery or the right coronary 
artery as a routine without fatality if the occlusion was carried out in two stages. 
Further occlusion was done in subsequent operations. 

The earliest evidence of anastomosis between extracardiae and cardiac vascular 
beds was after two to three weeks. In one experiment we could demonstrate dye 
in the myocardium two weeks after the collateral vascular bed was produced. The 
dye was injected through the extracardiae vascular bed. In another experiment 
anastomoses were observed three weeks after operation. The anastomoses grow 
larger as time elapses. I hesitate to make the direct application of these observa- 
tions in animals to the human patients upon whom I carried out my operation. 
Our three patients stated that they felt the beneficial effect of the operation as 
early as three or four weeks after the collateral bed was attached to the heart. 

The evidence presented by Dr. Gross is extremely interesting to me. Perhaps in 
the future it may have some clinical appUeation. At the recent meeting of the 
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American Surgical Association I presented some of our ■vrork, and the question was 
asked me by several surgeons wliat happens if you ligate the vein along with the 
arterj'. During the war Sir George Makins advocated ligation of tlie correspond- 
ing vein when an artery had to be ligated. lie has shown that the incidence of 
ischemic necrosis in an e.vtrcmity is reduced by ligation of the vein. Dr. Gross has 
shown that this principle can be applied also to the heart. Venous ligation increases 
the peripheral resistance and would tend to keep the blood in the caiiillary bed of tlie 
heart. It may be of value in distributing the blood to various parts of the myo- 
cardium, but I do not see how occlusion of the vein can bring additional blood 
through the stenosed coronary arteries to the heart. Our exjicriinents liavc j)ointcd 
out the importance of distribution of blood to various parts of the myocardium. A 
relatively small area of myocardium made ischemic will bring the heart to a stand- 
still. Tlie exi)eriments illustrate the signiticance of localized ischemia in contrast 
to generalized ischemia of the myocardium. I believe Dr. Gross’ results can be 
explained on the basis of an improved distribution of blood to various parts of the 
myocardium rather than on the basis of an augmented arterial flow. 

I do not know whether I got Dr. Greene’s question. It is a fact well established 
by surgeons that partial occlusion of an artery is followed by the development of 
a compensatory circulation. 

I would like to make these concluding remarks: 1 believe we have produced a 
new blood supply to the lieart by oj)cration. I do not believe our experience is suf- 
ficient to say that we have corroborated the experimental facts on patients suf- 
fering from sclerosis of the coronary arteries. Until this has been accomplished, 
the operation should bo regarded as an experimental procedure. The operation is 
not without hazard and I hope surgeons will not accept the procedure until it has 
been satisfactorily applied. 

Addendum : During the interval of several months since this presentation was 
made I operated upon several patients with coronary sclerosis. The beneficial re- 
sults of tho operation are exceeding my expectations. Tlie degree of improvement 
following operation is most gratifying. It seems to me now that a new field of 
surgery has been opened up. 

Discussion of the paper, “A Follow-TTp Study of Sixty-Four Patients Witli Eight 

Bundle-Branch Conduction Defect,” by Drs. Wood, Jeffers and Wolferth. 

Dr. Arthur M. Master, New York, N. Y. — ^I had occasion this morning to mention 
some cases of normal people who, when the rate was increased by drugs or exercise, 
developed intraventricular block, and, as the rate slowed down, the electrocardio- 
gram became normal. Perhaps tlicy fall into this class. Physicians who have 
been interested in electrocardiography have known that there was a type of intra- 
ventricular block as described in which the prognosis was good. I think there have 
been a few publications to this effect but in no case in detail or in a follow-up 
study. I think that Drs. Oppenheimer and Mann reported this before the Society 
of Experimental Biology and ^[edicinc, and they called this the S-wave type of 
intraventricular block because tho notching and the slurring and the widening are 
in tlie second half of the QKS group. It seems to me that in just this point 
emphasis must be made. An electrocardiogram that shows the ordinary type of 
bundle-branch block is, I think, of great significance, but if the widening and 
notching and slurring are in the second half of the QES complex the patient’s 
prognosis is much better. 

Dr. Samvel S. Levine, Boston, Mass. — This paper, I think, calls attention to the 
fact that there is room for ordinary medical sense in sizing up cardiac problems. 
The electrocardiograph tests certain tilings. Vflien it does not altogether fit in 
with what you perceive by other judgment, it is worth while to look uith sus- 
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picion on the interpretation of the cardiogram. A contribution like this adds em- 
phasis to just what we mean by clinical sense. We are attaching too much im- 
portance in a prognostic sense to the cardiogram. Diagnostically, we have been 
lielped a great deal. It is very curious that the prognosis in patients with 
angina pectoris, which I reviewed a few years ago, was better in those patients with 
definite angina pectoris and abnormal electrocardiograms than it was in those with 
normal electrocardiograms. A follow-up study of 100 patients with angina pectoris 
revealed that those who had wide QBS complexes or bundle-branch block lived 
longer than those patients with angina pectoris who had essentially normal curves. 
So from the prognostic point of view' w'e are not on such very firm ground. Diag- 
nostically, I am aware that electrocardiography has been helpful. Ordinary clin- 
ical sense is still an important factor in judging prognosis, and it is difficult enough 
at the best. 

Dr. M^yer Sclar, Brooklyn, N. Y. — I had a patient come to me in 1933. He 
brought with him an electrocardiogram taken in 1922, which show'ed a marked right 
bundle-branch block. When I saw' him in 1933, I was surprised; I W’as under the 
impression he should have been dead by that time. All he complained of w'as some 
vague precordial discomfort, and he was able to carry on his usual routine as an 
insurance man. I immediately communicated w'ith a number of the leading cardi- 
ologists in the country and received several replies, among others from Dr. B. S. 
Oppenheimer, of New York, and Dr. Paul D. Wliite, of Boston, and each informed 
me that he had had quite a number of patients of right bundle-branch block, and 
that they had all carried on fairly comfortably, actively, and usefully. I am glad 
that Dr. Wood and Dr. Wolferth throw’ a good deal of optimism upon the right 
bundle-branch block. 

Dr. Wallace M. Yater, Washington, D. C. — These observations fit in very well 
with the fact that on careful sectioning of the conduction system of the heart 
one may find in a surprising number of cases extensive and very severe lesions of 
the bundle branches without apparent involvement of the myocardium, and it is 
quite possible that these changes have existed for years. It would seem that the 
conduction system is the first part of the heart to feel a diminution in blood supply. 
It is interesting to note also that these patients may show various types of con- 
duction disturbances without myocardial insufficiency. As I said last year at the 
American Heart Association meeting, W’e are making too many electrocardiographic 
diagnoses without a basis in anatomical fact. If some of us W’ould get busier and 
do this type of very tedious work, I am sure we should find that these changes exist 
much more frequently than we have thought. 

Dr. J. H. Crawford, Brooklyn, N. Y. — About four years ago I saw a young 
woman who had been rejected as a school-teacher on account of a slight murmur in 
the region of the third and fourth left interspaces close to the sternum. She had 
an electrocardiogram exactly' the same as Dr. Wood has described. She iiad been 
a champion in many different types of athletics whicii must have throw’n consider- 
able strain on the heart, but she had no symptoms w’hatsoever. There w’as no cardiac 
enlargement and nothing to indicate that there w'as anything wrong with the cardio- 
vascular system. Since then her activities have been unrestricted, and she has 
had absolutely no symptoms. It is the same ty-pe of case as those which Dr. Wood 
has just described. 

Dr. Sordid D. D. Pardee, New’ York, N. Y. — ^Dr. Wood has certainly' impressed 
us with tlie idea that this type of bundle-branch block is associated with a better 
prognosis than the other type. I do not think, however, that he W'ished to impress 
us with the idea that it must liave a good prognosis, nor do I think he wished to 
impress us W'ith the idea that the other type must have a bad prognosis. I am 
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quite sure tliau everyone who sees many electrocardiograms will find that he has 
seen a number of curves of the other type in persons who are just as free from 
symptoms of cardiac failure as those which have attracted attention here. I would 
like to know what Dr. Wood’s experience has been in this regard. I feel also 
that, when one talks about prognosis in electrocardiographic features, it is very much 
like talking about prognosis in mitral stenosis or more like talking about the prog- 
nosis of a certain type of heart murmur. It does not seem to me to be a logical 
thing to do. There has been a great .deal of that sort of talk, and I feel that it is 
all wrong. Prognosis must depend upon the patient who has heart disease, not upon 
any isolated finding which he may have. If there is only one finding, it is well to 
put that into the picture, but that is not the whole picture; the patient is the whole 
picture. 

Dr. John Wyckoff, New York, N. Y. — ^In the Cardiac Clinic in which I have 
worked, we have had a rule that no diagnosis or prognosis must ever be made on a 
single symptom or a single physical sign. It seems to me that this paper and 
Dr. Levine’s and Dr. Pardee’s discussion of it show that that rule is a fairly safe 
one to follow. 

Dr. Francis Clark Wood, Philadclifiiia, Pa. — Tlic question was raised as to whether 
any of these patients had temporary bundle-branch block and therefore were in bet- 
ter condition than if they had had permanent block. Three of the sixty-four pa- 
tients showed temporary returns to normal intraventricular conduction from time to 
time. The rest probably had permanent conduction defects since none of their 
tracings showed normal QRS complexes. 

Discussion of the paper, “The Effect of Irregular Cardiac Rhythms on the Minute 

Volume Output of Blood from the Heart in Human Beings,’’ by Drs. Stewart, 

Crane, Dietrich, and Thompson, New York, N. T. 

Dr. Samuel S. Levine, Boston, Mass. — ^I am not clear whether Dr. Stewart wants 
UB to believe that it is well for the heart to work hard. The question is: Is it 
better for that heart to be doing more work? If at the end of the experiment the 
heart has been restored to a normal rhythm and the amount of foot pounds or 
work the heart has done has increased, it sounds as if it is a good thing, but it is 
not necessarily so. The opposite of that is what we are trying to .do in resting 
the heart. If improvement takes place from thyroidectomy, it takes place because 
the work of the heart is diminished, not because it is increased. 

I am putting this in the form of a philosophical question. It would certainly 
seem as if fibrillators are better off in many instances -when the heart is regular, 
but I do not know that the theoretical evidence that the heart is doing more work 
is adequate proof that it is better for that heart. I can readily conceive of the 
fact that the heart is better off eventually, over years, if it is doing less rather 
than more work. 

Dr. Harold J. Stewart, New York, N. Y. — ^For a given size of the heart at rest, 
a certain amount of work should be performed. That falls in line, of course, with 
Starling’s law of the heart. Now it has been found, according to Starr and his 
associates’ work, that when the size of the heart is so large that the work which 
that large heart performs is not commensurate with the size of that heart, those 
patients either suffer from heart failure or are threatened with heart failure. 

Discussion of the paper, “The Clinical Value of the Fourth Lead, as Observed in 

3000 Ambulatory Patients,’’ by Drs. Lrmdy, McLellan, Bacon, and Merchant. 

Dr. Arthur If. Master, New York, N. Y. — I recently reported fourth leads in 
normal individuals. I think that more harm than good was done because ! would 
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report that in normal persons the Q-wave, for example, in the fourth lead is at least 
two millimeters in size. Hence many think that, if a Q-wave is of one millimeter 
in size, the patient has an abnormal heart, I think it brings up the point that 
Dr. Levine and Dr. Pardee brought out, but perhaps a little differently. I think 
the electrocardiogram and the electrocardiograph are all right, but I think the dif- 
ficulty lies in interpretation. Tou have to know the normal electrocardiogram, and 
you must use a knowledge of clinical medicine in the interpretation. Here are some 
more interesting things that we learned about the fourth lead. We found, first 
of all, that you do not need the fourth lead except in few cases. If you have an 
entirely normal three-lead electrocardiogram but feel clinically there is heart dis- 
ease, then take a fourth lead. We found the only thing that could be depended 
upon in the fourth lead was the upright T-wave. If the T-wave is upright, we feel 
that is abnormal. On the other hand, here again if you take electrocardiograms in 
children with an electrode anywhere between the sternum and the apex or beyond, 
you find upright T-waves in more than 60 per cent of the cases. There have been 
publications on the value of a fourth lead in rheumatic heart disease, and the diag- 
nosis has been made on a T-wave that is upright in the fourth lead, whereas we 
know that in young children this upright T-wave is a normal finding. I should like 
to describe the way I feel about the fourth lead by bringing up the case of a 
patient with a dropped heart. Now a patient with a long narrow heart often has a 
right ventricular preponderance on tlie electrocardiogram; he often has a large 
auricular wave and often has a blowing systolic murmur at the apex, and yet we 
know he has not any heart disease. Those three phenomena are associated wdth his 
dropped heart. In a similar manner you must use your clinical judgment when 
drawing conclusions from the electrocardiogram. 

Dr. Siinm Friicht, Brooklyn, N. T. — Soon after Wolferth and Wood published 
their article on Lead IV with reference to coronary thrombosis, I began a study 
of Lead IV in_ other conditions. I found that a deepened was present in prac- 
tically very case of mitral stenosis. In hypertensive heart disease Q, was absent. 

The reader of the paper presented an electrocardiogram of a young child which 
showed a right axis deviation and a deep Q,. As the child grows older, the position 
of the heart changes, and the electrocardiogram assumes a more normal form. The 
form of QES in Lead IV varies according to the position of the heart and the state 
of the myocardium. Eotation of the heart to the right or left causes Q, to increase 
or decrease in amplitude. Pronounced mitral stenosis, in which the heart en- 
larges to the right and rotates to the left, shifting the apex backward, gives rise to 
a deepened Q, together with a right axis deviation. Long-standing hypertensive 
heart disease, in which the heart enlarges to the left and rotates to the right, bring- 
ing the apex forward, gives rise to an absent Q, in conjunction with a left axis 
deviation. Lead H’’ visualizes anterior and posterior axis deviations. 

Dr. Charles C. Wolferth, Philadelphia, Pa. — It is many years since Einthoven and 
his successors began to work on the standardization of limb leads of the electro- 
cardiogram; nevertheless, it has been shown today that their work has not been 
completed. 

In the attempt to standardize the so-called fourth lead, we are faced with a 
complexity that does not obtain in the study of the three limb leads, namely, the 
position of application of electrodes. Tliis subject has been referred to this after- 
noon. Everyone who has looked at hearts under the fluoroscope knows that from 
patient to patient the position of the apex varies tremendously. We have concerned 
ourselves with this problem of standardization of chest leads for four years. My 
colleagues, Drs. Wood and Edciken, have come to the conclusion that it is important 
to determine the position of the apex by fluoroscopy so that its relation to the 
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position of llic anterior oli'otrodc is known. This iiri'f.’anlimi is not often necessary 
in olinieal work sineo tlie position of the apex esiii nsually lie Joeated with reasonable 
acenracy by palpation. 

If Ihe admittedly ron},di standards now available are adhered to, eliest leads have 
diagnostic value in nddifion to their nsefnlness for the demonstration of nento or 
old myocarditil infarction. Thus, in a eert.ain jiroportioo of patients nith anf,'ina 
pectoris, one j;e(.« T-wave ehan;,'e5 .sneli tis are not encounfere.l in normal eontnds, 
provided that the eleelrode is aeenrately applied over the fijie.v. I'prijilit T-waves in 
l.e.ad IV, under these eircnmstiua'es, have si;;nilieiinee comparable to that of in- 
verteil T-wtives in Leads 1 tmd 11. Furthermore, when the electrodes are jieeuriitely 
tipjilied, the absence of tm initial ilownward delb'etion ab'o has cnnsi>lerable si^nif- 
ietince. However, neither of these jibixirmalities as tin isobifed limlin;; warrants 
the diiijjnosis of myocttrdial infarction. It is of interest, however, tlml tie- eoittbina- 
tion furnishe.s an iilmnst certain indication of anterior infarction. 

Dr. Clititlun Luiulit, (.'liieaj.'o. III. — 1' i-;in told that thi« paper attempted to show 
the elect roeardioj^rtipltic fitidin^js in elinie.-dly dia^ino'-d cii*-es. We did tint make 
the diajjnoses upon the basis of the eleciroc.ardiojtraphie lindinKS. 

Dlscu.ssion of tlic p.apcr, “A .Study of 150 C.n.te.s of Coronary Thrombo.nl.s Trc.atcd 

With Low C.nlorlc Diets,” by Drs. Master, JnlTc, .and D.ack, L'cw York, K. Y. 

Dr, Jitroh PnUv.cli, Newtirk, . 1 . — Mr. Chairman, abinil ti year tisjo tit the annual 
mectinj' of the American Tiierapentic SiK-iety,’ I reported ti iliet tlmt I instituttsl 
nt our lio.spitnl sevenil ye.ars tiKo. 1 ealhal attention to the fa'-t tliat by redneinf; 
the weiftlit of the ji.'itient we are very often tilde to npproaeb an eijiiililirinm between 
the heart ’s nbiliiy to supply nnd the tissue’s demand. 

This diet consists of a (iveoiay .‘•nbsisti nee *>11 fruit fuel vejjetaldes witii tlte 
exelnsion of other foods and Ibiids, follow in;; wlib-li period food is added .«parinply 
and Krndntilly. Tlie loss of wei;;ht dnriti;; the first tive days freijuently amounts to 
between six timl ten pounds. Tin- nmonnt of lliiids .’idded .-iibseiinently is never to 
exceed two, or tit the most four, pltis.'cs ilaily. .\ ten- to tweaty-ponnd reduction is 
not uncommon within n period of two to tliree weeks. With this diet we seldom 
had to resort to mereurial dinreties for the relief of the edema and witli the los.x 
of actual body weight and fis-tne llnids, u marked droji in both sy.-<folic. nnd din.«tolic 
pfcs.snre.s was very often observed; thi.s wn.s often nceomjmnied by imirkcd improve- 
ment in the genertil condition of the jnitient. The.'-e patient.s nre ndvi,«ed .subsequently 
to have one or two exclusive fruit and vegetable days every week. 

Dr. Louis -'1. Kapp, New York, X. Y. — 1 slionld like to ask Dr. Aliister whether 
blood sugar defermimitions were made in tlie .serie.s, and, if so, were there any 
hypoglycemic conditions ob.served during the treatment by n low caloric diet. From 
the invc.stigations by I’rogcr and other.s wo know that some juitients if put on a 
rc.stricted calorie intake react with a lowering of their Iiasal metabolic rates, others 
do not. The clninge in the ba.sal metabolie rate in its turn frequently affects the 
blood sugar level.s, blood cliole.sterol, ete. It, therefore, seems to be of clinical im- 
portance to find out wliether any signilicant variations in the blood chemistry 
data in the individual patients wore pre,«ent in tlie course of the outlined treatment. 
While it i.s generally conceded tlmt a low calorie diet is beneficial to cardiac patients, 
one would hesitate to go beyond certain limits. It i.s dinUnilt to comprehend why 
800 calorie diets were selected as a standard. I think that age, sex, weight of the 
patients, as well as the basal metabolic reactions and blood sugar levels, should 

•Tr. Am. Therap. Soc. 34: 117, 1034. 
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have been considered as criteria in .determining the appropriate low calorie diets in 
the cases. What appears to be a low calorie diet for one might be high for another 
patient. 

One more question I would like to ask is whether any deviations from the usual 
successive changes in the electrocardiogram seen in myocardial infarction were noted 
in the patients treated with a low calorie diet. For some time I have been engaged 
in a study on the changes in the electrocardiogram in various blood sugar levels, 
especially in hypogljmemia. I wonder what experience Dr. Master has possiblj- had 
in this respect in connection with the reported method of treatment of coronary 
thrombosis. 

J)t. Meyer Sclav, Brooklyn, N. Y. — I would like to ask Dr. Master how long he 
keeps these patients on this diet. As soon as the patients begin feeling better, let’s 
say the second week following the acute coronary insult, do they complain of hunger? 
Also, at the outset he mentioned digitalis and adrenalin are definitely contra- 
indicated. This seems to be universally accepted. However, does he still consider 
digitalis contraindicated when congestive heart failure sets in, and does he still 
consider adrenalin contraindicated when the systolic pressure drops to 80 or lower? 

While on the subject of .drugs — ^liow many cases did he find in which fibrillation 
began following the coronary insult, and did he use quinidine when fibrillation did 
set in? 

Dr, Simon Fraucht, Brooklyn, N. Y. — I would like to ask how many of these 
patients were diabetic. 

Dr. Arthur M, Master, New York, N. Y. — ^Naturally we did more than I could 
report in twelve minutes. We made blood sugar determinations, but there was no 
change; there was no definite drop below the normal figures. In reply to the ques- 
tion about the diet — of course, we were elastic. There were a few patients who 
were very hungry. Certainly, we gave them 1,000, 1,100 or 1,200 calories daily. 
On the other hand, two or three of these very hungry patients, once they experienced 
the benefit of the diet, refused to go back on their regular diet. We have to this 
day two or three patients who have remained very thin; they just won’t eat. We 
have not followed the electrocardiograms in great detail although we have taken 
many. We hope to make some sort of an objective comparison with patients who 
have had coronary artery thrombosis and had the same regime as ours except that 
they have had full diets. I think we have the opportunity because Fishberg and 
his coworkers at the Mount Sinai Hospital recently reported some sixty cases in 
which they followed the same course except that their patients received the regular 
diet. Tliey recorded blood pressure readings, circulation times, and other studies that 
we too have done. Digitalis wc do think is contraindicated. We did have patients 
with congestive heart failure, but it wasn’t necessary to give this drug. Patients 
stand a diuretic like mercurpurine and the acid-producing drugs like ammonium 
chloride much better. We are afraid, particularly early in the attack, to give 
digitalis. We did have five patients with transient auricular fibrillation, but they 
spontaneously returned to a regular sinus rlij-thm. We never use quinidine in any of 
our patients. We consider it dangerous in an acute coronary arterj' thrombosis. I 
might add, before I close, that the question is constantly put to us whether our 
work correlates with the work that has been done in Boston. Does this low dietary 
regime attain the same results that total thyroidectomy does? I do not know. I 
know this, however : we can over a period of several months keep the basal metabolic 
readings between minus 20 and minus 35. We think that the mechanism is different 
from the mechanism that intervenes after total thyroidectomy. In our cases there 
were never symptoms or signs of mj-xedema; the blood cholesterol was not increased- 
and there was no delay in the circulation time. ’ 
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Tennant, Robert: Factors Concerned in the Arrest of Contraction in an Ischemic 

Myocardial Area, Am. J, Physiol. 113: G77, 1935. 

1. Simultaneous registration of ox>tical myograms and aortic pressure pulses indi- 
cates that abolition of myocardial contraction similar to that following coronary 
occlusion is produced in the presence of oxygen by iiotassium chloride and sodium 
cyanide, but not by sodium iodacetate. 

2. Perfusion of a ventricular zone in the normally beating heart with sodium 
lactate in buffered blood-Locke ’s solution similarly arrests contraction. This fact, 
together with other experimental evidence, is strongly suggestive that excess lactate 
in itself is a factor in preventing contraction under anoxic conditions although it 
does not exclude change in pH as another iiossible mechanism. 

Wiggers, Harold C., and Wiggers, Carl J.: The Interpretation of Monophasic Ac- 
tion Potentials from the Mammalian Ventricle Indicated by Changes Following 

Coronary Occlusion, Am. J. Physiol. 113: 683, 1935. 

Monophasic curves, recorded from a dead basal region of the right ventricle and 
tlie initially normal ape.x of the left ventricle, ^vere obtained before and at %'arious 
intervals following occlusion of the ramus descendens anterior. 

In the analysis of such curves, emphasis is placed on two reference points viz., 
the moment of initial rise, A, and the point of abrux^t fall toward isopotentiality 
on the descending limb, F. Since the interval (A-F) largely determines the area 
bounded by the curves, it gives more exact information of changes at the exploring 
electrodes than does the amplitude or contour of curves that can be recorded. 

The earliest and Jiiost outstanding alteration of direct monophasic leads following 
coronary occlusion is the reduction in the A-F interval, with consequent decrease in 
the area bounded by the curve. This reduction occurs without any amplitude diminu- 
tion about a minute after occlusion and is due to an earlier termination of the 
X)otential difference between electrodes. These facts indicate that monophasic po- 
tential deviations are not free from x>otential changes at the initial dead area, but 
they strongly suggest that the duration and area of the curves ai-e signiffcantly 
affected by changes under the exploring electrode. 

The general deduction is made that variations in the A-F interval or duration of 
tlie curve cannot be used as evidence that monophasic curves are due solely to 
potential changes under an exifforing electrode, unless it is shown that the rise and 
not onlj' the termination changes with reference to deflections of a standard E.C.G. 

A second change occurs in monophasic leads from 4 to 5 minutes after occlusion, 
i.e., -3 to 4 minutes after contractions liave been arrested. It consists in a reduction 
in amplitude, without further abbreviation of the A-F interval and without change 
in the relation of the rise to QRS complex of an E.C.G. Tliis ob%’iously denotes 
not only a greater but an earlier- development of an oppositely directed potential 
under the exploring electrode in the isdiemie area; , • . . . • 
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Tlie fact that inoiioj)hasic curves still appreciable in size can be derived from this 
area until the ventricles fibrillate is a second bit of evidence that the electrode on 
tlie original area of injury exerts an important influence on the curves. 

In experiments in which coronary blood flow is restored previous to fibrillation, 
the monophasic curves revert to their original form. This indicates that the changes 
described are not those due to dead tissues but to tissue the function of which has 
been physiologically suspended. 

Wolferth, Charles C., and Margolies, Alexander; The Influence of Varying A&-VS 

Intervals on Split Pirst Heart Sounds: Its Bearing on the Cause of Split 

Sounds and the Mechanism of the First Sound, J. Clin. Investigation 14: 605, 

1935. 

1. Two cases are presented, both exhibiting complete heart-block and split first 
heart sounds. Heart sound tracings showed marked variations in amplitude of vibra- 
tions in each component of the split sounds. During certain ranges of P-B relations 
the variations in the two components appeared to be independent of each other. 

2. Evidence previously obtained suggests that in cases with split first heart sounds 
there is asynchronism in the isometric contraction phase of the two ventricles, 
corresponding to the split between the two components. This affords a reasonable 
explanation for the variations in the two sound components, namely, that they are 
due to different As- Vs intervals on the two sides of the heart. Furthermore, the 
range of As-Vs intervals associated with increased amplitude of waves differs but 
little for the two components. Thus, the apparently haphazard variations in the 
second component are found to be of the same nature as the variations in the first 
component. Both components behave as do single first sounds when they are in- 
fluenced by As-Vs intervals which change from beat to beat. 

3. In a number of beats recorded, particularly in Case II, the P-wave falls so 
late with reference to the first sound component that auricular contraction could 
not have materially influenced this component, although marked increase of ampli- 
tude in the waves of the second component occurs. 

4. In Case III (in which changes in As-A''s intervals are due to ventricular es- 
cape) independent variations in the two components of the first sound occur, which 
are similar to those observed in Cases I and II. This case is not as favorable for 
analysis as Cases I and II because the presence of ventricular arrhythmia may also 
influence the first heart sound. 

5. Case IV shows complete heart -block and a prolonged first sound. During a 
certain range of P-R relations the first part of the sound is represented by vibra- 
tions w-itli large amplitude, and during a slightly shorter range the last part of 
the sound is represented by sounds with large amplitude. Since this behavior cor- 
responds to that of the two components of a split first sound during certain ranges 
of P-B intervals, it suggests that the prolongation of the first sound is due to 
slight asynchronism of the two major sound components. 

6. All the findings in our cases are in accord with the postulate that one main 
component of the first sound is contributed bj- one ventricle and the other main 
component by the other ventricle. They lend no support to the view that both 
components arise in a single ventricle and, as a matter of fact, cannot be accounted 
for on such a basis. 

7. It is suggested, on the basis of present knowledge, that major sound vibrations 
in each ventricle are associated with the period of rapidly rising pressure of that 
ventricle during the isometric contraction phase and that factors which modify the 
curve of rising pressure also modify production of sound. Tlie volume of sound 
does not necessarily parallel the extent of rise of intraventricular pressure; the 
sounds are capable of varying independently of the output (as shown by optically 
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recorded arterial pulse waves) ; it is probable that the gradient of rise of pressure 
is the most important factor. It has thus far not been determined what structure 
or structures contribute tlie main sound A-ibrations in response to tlie application of 
force initiated by the contraction of the ventricular muscle upon the ventricular 
contents. 

Eesnik, Harry, Jr., and Friedman, Ben: Studies on the Mechanism of the In- 
creased Oxygen Consumption in Patients With Cardiac Disease, J. Clin. In- 
A'estigation 14: 551, 1935. 

1. The basal metabolic rate is elevated in many persons Avith congestive cardiac 
failure and declines as improvement occurs. The degree of elevation (and decline) 
tends to parallel the severity of congestiA’e failure (and the extent of improvement). 

2. The above observations indicate that the increased Avork of the respiratory 
muscles associated with cardiac dyspnea adds another load to an already over- 
burdened heart. This factor of respiratory effort assumes greater importance as 
cardiac failure becomes Avorse, for the ventilation tends to rise and the vital capacity 

to fall, thus increasing the ratio, ^ entilation — ^ geometric proportions. Pro- 

Vital capacity 

cedures which tend to reduce the A’cntilation (rest, morphine, venesection, para- 
centesis) are beneficial in part through reduction of the Avork of breathing. 

Flaxman, Nathan; Variability of Murmurs in Mitral Stenosis, Am. d. M. Sc. 190, 
396, 1935. 

1. Tlie variabilitj’ of the murmurs in 237 cases of mitral stenosis is reported. 

2. Auricular fibrillation Avas present in 46.6 per cent,* it had no effect on the 
character or type of murmurs audible, 

3. Double murmurs Avere found in 79 per cent. 

4. Systolic murmurs alone AA*ere present in 15.2 per cent. 

5. The murmurs of mitral stenosis AA’cre readily recognized by the characteristic 
rasping sound Avithout resort to isolating the murmurs definitely in the cardiac 
cycle by timing. 

Coburn, Alvin F., and Pauli, Ruth H.; Studies on the Immune Response of the 
Rheumatic Subject and Its Relationship to Activity of the Rhemnatic Process: 
The Determination of Antistreptolysin Titer, J. Exper. Med. 62: 129, 1935. 

1. A method for determining the antistreptolysin titer is .described in detail. 

2. The natural human level of antistreptolysin determined in this Avay is ap- 
proximately 50 units. 

Cobum, A. V., and Pauli, E. H. : Studies on the Immune Response of the Rheu- 
matic Subject and Its Relationship to Activity of the Rheumatic Process: Ob- 
servations on an Epidemic of Influenza FolloAved by Hemolytic Streptococcus 
Infections in a Rheumatic Colony, J. Exper. Med. 62: 137, 1935. 

The observations presented in this paper may be summarized as follows: 

A study has been made on an isolated group of children with heart disease. 

All of these individuals, with one exception, were rheumatic subjects. 

Many of them carried a strain of hemolj*tic streptococcus in the throat flora 
during the Avinter of 1934. The organism produced no detectable toxin and was 
not associated with respiratory disease. 

Pour patients contracted chickenpox during the winter months. None deA’eloped 
rheumatic recrudescences. 
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All of the individuals were in good health on March 1. 

A severe epidemic of influenza began on March 22. All but six children con- 
tracted the disease. The filterable virus responsible for this outbreak was recovered. 

Tliis agent did not activate the rheumatic process. It was followed by an out- 
break of streptococcus infection and appeared to facilitate its spread. 

The source of these infections was not traced. They were due to a single type 
of hemolytic streptococcus which Avas a strong toxin producer. Its cultural, bio- 
chemical, and serological characteristics were different from those of the carrier 
Strain. 

Of seventeen individuals proved bacteriologically to be infected Avith the epidemic 
strain, fourteen rheumatic subjects dcA-eloped acute rheumatism; two rheumatic 
subjects and one patient Avith congenital heart disease escaped. 

These fourteen rheumatic attacks Avere accompanied by a rise in antistreptolysin 
titer coincident AA-ith the onset of symptoms. 

In four of these attacks is was possible to exclude influenza as a causative factor, 

Coburn, A. F., and Pauli, R. H.; Studies on the Immune Response of the Rheu- 
matic Subject and Its Relationship to ActiAuty of the Rheumatic Process: Ob- 
servations on the Reactions of a Rheumatic Group to an Epidemic Infection 

With Hemolytic Streptococcus of a Single Type, J. E.xper. Med. 62: 159, 1935. 

This study of an isolated colony shoAved that of seven cliildren who escaped the 
epidemic streptococcus infection, none developed rheumatic symptoms; and that of 
seventeen cliildren AA’ho contracted the epidemic streptococcus infection, fourteen 
developed acute rheumatism, and three sboAved no recognizable rheumatic man- 
ifestations. 

The seven children Avho failed to contract infection Avith Streptococcus hemolyticus 
showed clearly that susceptible individuals may live in close association with an 
epidemic of acute rheumatism, develop no rise in antistreptolysin titer, and main- 
tain excellent healtli. 

The patient Avith congenital heart disease demonstrated that a nonrheumatic 
subject may be infected AA'ith a highly effectiA'e strain of hemolytic streptococcus, 
develop a typical antibody response, and yet escape all rheumatic manifestations. 

The two patients AA'ho, although infected AA'ith the epidemic strain, failed to show 
any antibody response, also failed to develop rheumatic recrudescences. 

Environmental, dietary, age, and the other factors investigated did not appear to 
be significant in this outbreak of acute rheumatism. 

Three factors appeared to determine the development of the fourteen recrudes- 
cences: (1) infection Avith a highly effective agent; (2) the disease pattern, peculiar 
to each rheumatic subject; and (3) the intensity of the immune response of the 
patient as indicated by the rise in antistreptolysin titer. 

Kutiunbiah, F.: Rheumatism in. Childhood, Indian J. Pediat. 2: 215, 1935. 

1. A short summary of tlie literature on rheumatism in India is given. 

2. The contention that there is no rheumatic fever in the tropics is shoAvn to be 
no longer tenable. 

3. Evidence is adduced to sIioav that rheumatic infection in childhood is common 
in Yizagapatam, a city situated in the tropics. 

; 4. A brief resume of the salient features of juvenile rheumatism as it occurs in 
the temperate climates is given. 

5. An analysis of fifty cases of juvenile rheumatism from King George Hospital, 
Vizagapatam, is given. 

6. The various phases of cardiac rheumatism are illustrated by typical cases 
from this series. 



1124 


THE AMERICAN HEART JOURNAL 


7. The age and sex incidence and incidence of polyarthritis, cliorea, and nodules 
are discussed. 

S. The frequency of cardiac rheumatism in children suffering from tonsillitis 
is noted. 

9. Few typical radiographs and electrocardiograms of mitral disease are given, 

10. It is concluded that rheumatism in childhood is very common in the Tiz- 
agapatam district, and in its essential manifestations it closely resembles juvenile 
rheumatism in the temperate climates. 

Bland, Edward F., and Jones, T. D.: Clinical Observations on the Events Preced- 
ing the Appearance of Eheumatic Fever, J. Clin. Investigation 14: 633, 1935. 

1. There appears to be no significant clinical difference between the recurrences 
or recrudescences of rlieumatic fever following (1) respiratory infection, (2) other 
forms of infection, (3) accidents or operative procedures, and (4) a single intra- 
venous injection of typhoid-paratyphoid vaccine sufficient to cause a slight febrile 
reaction and chill. 

2. The probable significance of these observations has been discussed. It is 
evident that various events precede and apparently infiuence the appearance of the 
signs and symptoms of recurrent rlieumatic fever. 

3. It seems desirable, in view of the observations presented, to consider the role 
of such events as nonspecific until more definite information is available concerning 
the etiological agent. 

Seegal, David, Seegal, E, B, C., and Jost, E. L.: A Comparative Study of the 

Geographic Distribution of Eheumatic Fever: Scarlet Fever and Acute 

Glomerulonephritis in North America, Am. J. M. Sc. 190: 3S3, 1935. 

1. A comparative study has been made of the geographical distribution in North 
America of acute glomerulonephritis, rheumatic fever, and scarlet fever. 

2. The case rate for scarlet fever diminishes jirogressively from latitude region 
50 to 45 degrees to 34 to 29 degrees. 

3. The yearly hospital medical admission rate for rheumatic fever in twenty-four 
hospitals shows a similar decrease in the same latitude regions. 

4. In contrast to the diminished case frequency of scarlet fever and rheumatic 
fever in southern latitudes as compared with nortliern latitudes, tlte yearly liospital 
medical admission rate for acute glomerulonephritis does not vary significantly in 
the four latitude regions studied. 

5. The failure of acute glomerulonephritis to diminish in frequency in soutliern 
latitudes might be interpreted as supporting tlie hypotliesis that agents other than 
the hemolytic streptococcus play the chief etiological role in this disease. This does 
not seem likely, however, since considerable evidence is available incriminating the 
hemolytic streptococcus as the main incitant of the disease. 

6. Since evidence is available ascribing etiological significance to the hemolytic 
streptococcus in all three diseases studied here, the variation in the geographical 
distribution of these diseases based upon the limited data presents a problem in 
specific host and bacterial interaction. 

Baker, B. M., Thomas C. B., and Penich, E. M., Jr.: Experimental Carditis: 

Changes in the Myocardium and Pericardium of Eabbits Sensitized to Strepto- 
cocci, J. Clin. Investigation 14: 465, 1935. 

1. When a heat-killed culture of beta hemolj-tic streptococcus is injected intra- 
pericardially into rabbits sensitized to the same organism, an extensive carditis 
results. 
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2. Tlie intrapericardial injection of tliis organism into unsensitized animals pro- 
duces no such changes. 

3. The changes in the hearts of the sensitized animals are characterized by an 
e.Ktensive, nonspecific, inflammatory reaction. 

Bafsky, H. A., Bernhard, A., and Eohdenhurg, G. L.; Studies in Hypertension: 

The Production of Experimental Hypertension and a Correlated Effect Upon 

the Nitrogen Distribution of the Blood Proteins, Am. J. M. Sc. 190: 187, 1935. 

1. Uranium nitrate when injected in small doses into rabbits produces nephritis 
with hypertension. 

2. Cholesterol similarly administered produced a mild hypertension, while in a 
single experiment cholesterol and lecithin did not. 

3. Of the amino acids injected, aspartic acid alone produces definite hypertension. 
At autopsy the renal lesions of glomerulonephritis were found. 

4. The aspartic acid hypertension in rabbits is not dependent upon the presence 
of the amino or dicarboxylic group. 

5. Guanidine carbonate also produces hypertension when injected into rabbits. 

6. A marked fibrosis of the spleen was observed in all of the animals which de- 
veloped hypertension after tlie injection of aspartic acid. 

7. The total, the amide, the hydrolyzable, the basic amino, and the monoamino 
nitrogen distribution of the whole blood, of the red cells, and of the serum proteins 
from the same specimen of blood have been determined in seventeen normal rabbits 
and in six rabbits with hypertension. 

8. In rabbits in which hypertension has been produced by the injection of aspartic 
acid, the basic amino nitrogen fraction of the serum proteins is decreased; the 
monoamino nitrogen fraction is increased; and there is a rise in the M/B ratio. 

Meeker, D. E., Kesten, H. D., and Johling, J. W.: Effect of Iodine on Cholesterol- 

Induced Atherosclerosis, Arch. Path. 20: 337, 1935. 

Potassium iodide fed in large doses for from one to three months to rabbits in 
wliich atherosclerosis had previously been induced by prolonged feeding of cholesterol 
doe.s not influence the rate or nature of the involution of the vascular lesions. 

Potassium iodide appears to retard the return of the cholesterol content of the 
blood to normal levels although it markedly depresses the ratio of the amounts of 
cholesterol esters and free cholesterol. It is suggested that this retardation may be 
due to mobilization of stored cholesterol from the tissues. 

Josephi, Marion G.: Measurements of the Size of the Heart in Normal Children: 

A Statistical Study, Am. J. Dis. Child. 190: 929, 1935. 

A series of 418 observations on normal children is presented. Tliese observations 
consist of values for height, weight, age, body surface area, and the usual measure- 
ments of the heart. 

The measurements of the heart and those of the body have been correlated, and 
the highest degree of correlation has been shomi to exist between the body surface 
area and the cardiac surface area. 

Prom the relationship of the body surface area to the cardiac surface area, a 
(luotiont has been derived which has been found to be a good measure of the scries. 

Correlation coefficients arranged in order of their degree of relationship are; 

(a) Cardiac surface area to body surface area. 

Cb) Cardiac surface area to weight. 

(c) Cardiac surface area to height. 

(d) Cardiac surface area to age. 
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(e) Cardiac transverse diameter to weight. 

(f) Cardiac transverse diameter to body surface area. 

(g) Cardiac transverse diameter to chest diameter. 

(h) Cardiac transverse diameter to height. 

The formula of Hodges, Adams, and Gordon for the prediction of the cardiac 
surface area has been applied to 100 children, and the correlation between the 
observed cardiac surface area and the predicted cardiac surface area has been found 
to be poor. 

Jones, Edgar: The Demonstration of Collateral Venous Circulation in the Ab- 
dominal Wall by Means of Infra-Red Photography, Am. J. M. Sc. 190: 478, 1935. 

Ten cases are presented in which there was evidence or suspicion of hepatic dis- 
orders. Clinical findings with regard to evidences for or against associated portal 
obstruction, as shown by the demonstration of collateral circulation on the abdomi- 
nal wall, are given. Comparison is made between the clinical findings and those 
obtained from ordinary and infra-red photographs of the abdomens of the patients 
presented. These data seem to indicate that infra-red photography may be of value 
in demonstrating degrees of collateral circulation which are not detected by usual 
clinical methods. At least it is an excellent means of recording abnormal degrees 
of superficial venous distention. Suggestions as to further application are made. 

Abeles, Milton. M., and Schneider, Daniel E.: Electrocardiographic Changes Dur- 
ing Encephalography, Am. J. M. Sc. 190: 673, 1935. 

Twenty cases of simultaneous encejfiialography and electrocardiography are pre- 
sented wdth a study of the changes in the cardiac conduction mechanism. The most 
common changes are those consequent upon stimulation of the pacemaker between 
the S-A and A-V nodes, transitory nodal rhythm. In one case ventricular extra- 
systole was observed, and in another auricular fibrillation. In one fatal case, death 
following encephalography was probably cardiac and followed the excessive injec- 
tion of air with subsequent bradycardia and collapse at that period when most cases 
begin to show a return to normal rate. The findings are correlated with other 
clinical manifestations of vagus stimulation. 

Norris, Robert F.: Syphilitic Aortitis in Childhood and Youth, Bull. Johns Hop- 
kins Hosp. 57: 206, 1935. 

Two cases of syphilitic aortitis are presented. One was found in a nine- 3 'ear-old 
girl and another in a seventeen-j'ear-old boj'. There is some evidence that the 
lesions were of congenital origin. These were the only cases suggestive of con- 
genital sypliilis of the aorta among 14,000 autopsies at the Johns HoidMus Hospital. 
Tliat syphilitic aortitis with involvement of the coronary ostia may be, in rare cases, 
a cause of sudden death in jmung people has been emphasized. Gross myocardial 
necrosis and scarring in cases of syphilitic aortitis resulting from stenosis and 
atresia of the coronary orifices occur occasionalh'- and should be carefulty searched 
for. 
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Das Elektrokardiogramm. Eine vergleichende Studie. By Franz M. Groedel, 

Dresden and Leipzig, 1934, Tlieodor Steinkoplf. 

This treatise consists of t^vo volumes, a volume of text (358 pages) abundantly 
illustrated with diagrams and an atlas of 200 plates depicting the electrocardiograms 
discussed. The reproductions contained in the atlas weie made by a special process 
and reach a high standard of quality. 

The chief purpose of this work is to present the results of a study of what 
Groedel is pleased to call “partial electrocardiograms.” Using oscillographs coupled 
to vacuum-tube amplifiers, he recorded simultaneously two standard leads, a standard 
lead and a chest lead, or two chest leads. Bipolar chest leads in which both electrodes 
were placed upon the thorax were found to yield essential!}' the same information 
as the standard leads. Unipolar chest leads in which one electrode was attached to 
the right ' arm and the other was placed upon the precordium proved to be much 
more useful. It is GroedePs princix)al thesis that when leads of this kind are em- 
ployed, it is possible to record separately the right ventricular electrocardiogram 
and the left ventricular electrocardiogram. To obtain the former, the chest electrode 
is placed just to the left of the lower end of the sternum; to obtain the latter it is 
placed in the midaxillary line at the level of the xiphoid process. When these two 
curves are taken simultaneously with the camera operating at high speed, it may be 
seen at a glance that in normal subjects the B and T summits of the right-sided 
curve definitely precede the corresponding peaks of the left-sided curve. The two 
curves also differ greatly in general outline; in the former B and S are of approxi- 
mately equal size, and there is no Q; in the latter B is very much larger than S, 
and a small Q is present. By dividing the height of a given deflection in the one 
curve by the height of the corresponding deflection in the other, various coefficients 
are obtained. The first part of the text deals with the form of these two ‘ ‘ partial 
electrocardiograms” in normal subjects, discusses the origin of their various deflec- 
tions, and presents evidence in support of tlie view that each of them represents the 
electrical activities of a single ventricle, or at least closely approaches this ideal. 

The second part of the text presents a large number of clinical cases intended 
to illustrate the abnormalities displayed by the two ‘ ‘ partial electrocardiograms ’ ’ 
under various circumstances, and to demonstrate advantages over the standard three- 
lead electrocardiogram which they possess. This part of the book is disappointing. 
Three to six or more cases, regarded by the author as similar either from the clinical 
or from the electrocardiographic standpoint, are presented; a few brief notes regard- 
ing the history and clinical findings, a very short description of the standard and 
of the partial electrocardiograms, and the anatomical or functional diagnosis with- 
out comment. At the end of the presentation of each group of cases there is a 
brief summary which lists the different abnormalities sliomi by the standard and the 
partial electrocardiograms but usually does very little else. After covering a half 
dozen different groups of cases, the reader becomes bewildered and must go back 
and start over. 

One group of cases discussed consists of six examples of “circumscribed, left-sided 
myocardial changes.” In each of these the standard electrocardiogram displays 
abnormalities which have always been considered characteristic of bundle-brancli 
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mid Graphic Begistraiion of the HeaH Beat is a niucli more complete and stimulat- 
ing book, and contains- almost everjdhing of value in this field up to 1925. In the 
German language, Wenckebach and Winterberg ’s Die Unregelmdssige BerztaUglceit 
is also a far more valuable and original work, but appeared as long ago as 1927. 
Compared with these two books Weber’s monograph is briefer than either, has 
brought the subject up to date (and considerable new work has appeared since 
1925 and 1927, respectively), and above all has stressed the physical foundation up- 
on which these instrumental methods of cardiac diagnosis rest. The peculiar value 
of the book is the detailed description it gives of various types of apparatus and the 
aid to tliose practitioners who have no fundamental knowledge whatever of the 
principles involved in their construction and use. Whetlier it will ultimately be im- 
portant for tlie practitioner to read the details of such instruments as the cathode 
ray oscillograph, Duchosal’s ingenious ink-writing electrocardiograph, and the many 
types of amplifying electrocardiographs which are described is open to question, but 
it can do liim no harm. The text is profusely illustrated with graphic records; 
especially noteworthy are the heart sound records; but the technic of these cannot 
compare with that quite generall}’ seen in this country. The references in Weber ’s 
book to scientific and original work by English-speaking authors suffer when com- 
pared to those in German. Thus, of 347 references in the bibliography only 36 are 
to American or British authors. Certainly no one who has lived through the history 
of this subject would maintain that these figures fairly represent the relative value 
of the contributions of the two groups. On the whole, however, the monograph 
presents a straightforward, sound, useful summary of the subject which will 
naturally be of most value to German readers. 

B. S. 0. 

L\ CiANosis Be Los Caudiacos Negros de Ayebza: Su Estudio Semiologico, 
Clinico y Fisiopatologico. By Eduar.do L. Capdehourat, Jefe de Clinica de la 
Facultad de Medicina, Buenos Aires, 1934, Aniceto Lopez, 374 pages with 48 
illustrations, paper bound. 

This study of the “black cardiacs” of Ayerza is a distinct contribution to the 
knowledge of the pathological physiology and i)athogenesis of this obscure and in- 
teresting syndrome. 

L. A. C. 

Klimk und Tiierapie DEI! Herzkiiankheiten. VobtrXge fur Praktische arzte. 
By Privatdozent Dr. D. Seherf, Assistant der I Medizinisehen Universitats-Klinik 
in Wien. Vienna, 1935, Julius Springer, 210 pages with 10 illustrations. 

Doctor Seherf has provided a manual on the diagnosis and management of heart 
diseases which is much more important than the unpretentious form of the book 
would imply. It contains the material of the series of lectures offered by him 
annuallj- as part of the postgraduate instruction provided by the medical faculty of 
Vienna. 

Certain aspects of this large subject, such as the cardiac arrhythmias, congential 
heart disease, the acute endocarditides and pericarditis, are not included, but apart 
from this minor defect, the book deserves unqualified commendation. It is a model 
of condensed, clear and accurate statement and represents Wiener clinical medicine 
at Its best. The section on “Treatment” shows the discriminating judgment and 
good sense that is evident throughout the book. 


L. A. C. 
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Appapeil Circulatoire. By Ch. Laubry. Paris, 1935, Masson et Cie. 185 pp. 

This work represents one part of the Collection dcs initiations medicates pub- 
lished under the direction of Dr. A. Sezaiy. It was designed primarily for the 
student, to serve as an introduction to the study of the circulatory system. In 
preparing the volume Dr. Laubry has accomplished the difficult task of selecting 
important points for emphasis, jiresenting liis material clearly and concisely, and 
avoiding detailed discussions. By careful choice of material, omission of minor 
points, and condensation of style, he has provided an introduction to the study of 
cardiology which covers a wide field in a few pages. 

E. H. 

Consultations de Caudiologie. By Georges Marchal. (Collection du !Mcdicin 

Praticien.) Paris, 1935, Masson et Cie. 228 pp. 

In this volume we can visit Dr. klarclial’s clinic and have presented thirty patients 
with various types of cardiac disease. The cases have been chosen to illustrate 
the types of heart disease whicli are commonly seen as well as several which are 
unusual: for example, a ease of cardiac insufficiency occurring in tlie course of 
filariasis. The presentations are excellent with particular emphasis on the physical 
signs, and following each presentation is a discussion of the diagnosis, treatment, 
and prognosis. Dr. Marchal lays great emphasis on psychic and emotional factors - 
in the production of symptoms, especially in the case of jihysicians who have cardiac 
disorders. He gives his treatment in great detail and is enthusiastic over the value 
of colloidal sulphur and streptococcus vaccines in rheumatic fever. He makes clear 
Ids general plan of management which includes rest, diet, psychotherapy, and drugs, 
but, while the general plan is clear, his use of drugs often seems arbitrary. 


E. H. 
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H«art sounds, first split — Cont’d 
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Hypertension — Cont’d 
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